PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C07D 491/044, A61K 31/435, C07D 
495/04, 471/04, A61K 31/55 // (C07D 
491/044, 313:00, 221:00) (C07D 495/04, 
337:00, 221:00) (C07D 471/04, 223:00, 
221:00) 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 98A5556 

16 April 1998 (16.04.98) 



(21) International Application Number: POYUS97/ 1 73 1 4 

(22) International Filing Date: 7 October 1997 (07.10.97) 



(30) Priority Data: 
08/728,104 



9 October 1996 (09.10.96) 



US 



(71) Applicant: SCHERING CORPORATION [US/US]; 2000 Gal- 

loping Hill Road, Kenilworth, NJ 07033 (US). 

(72) Inventors: AFONSO, Adriano; 10 Woodmere Road, West 

Caldwell, NJ 07006 (US). KELLY, Joseph, M.; 112 
Princeton Road, Parlin, NJ 08859 (US). ROSENBLUM, 
Stuart; 16 Steven Terrace, West Orange, NJ 07052 (US), 
WOLIN, Ronald, L.; 42 Heatherwood Lane, Bedminster, 
NJ 07921 (US). WEINSIEIN, Jay; Apartment A6, 191 
Bellevue Avenue, Upper Montclair, NJ 07043 (US). 

(74) Agents: JEANETTE, Henry, C. et al.; Schering-Plough Cor- 
poration, Patent Dept., K-6-1, 1990, 2000 Galloping Hill 
Road, Kenilworth, NJ 07033-0530 (US). 



(81) Designated States: AL, AM, AU, AZ, BA, BB, BG, BR, BY, 
CA, CN, CZ, EE, GE, HU, ID, IL, IS, JP, KG, KR, KZ, 
LC, LK, LR, LT, LV, MD f MG, MK, MN, MX, NO, NZ, 
PL, RO, RU, SG, SI, SK, SL, TJ, TM, TO, TT, UA, UZ, 
VN, YU, ARIPO patent (GH, KE, LS, MW, SD, SZ, UG, 
ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM), European patent (AT, BE, CH, DE, DK, ES. FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ, CF, CG, Q, CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: TRICYCLIC COMPOUNDS HAVING ACTIVITY AS Ras-FPT INHIBITORS 
(57) Abstract 



x 1 -rr 



Compounds of formula (0, wherein: X 1 is hydrogen, halogen, CF3, 
nitro, NH 2 or lower alkyl; each X 2 is independently selected from the 
group consisting of hydrogen, halogen, lower alkoxy and lower alkyl; 
n is 1 or 2; Y is selected from the group consisting of S(0)p, O, and 
NR 5 , wherein p is 0, 1 or 2, and R 5 is hydrogen, alkyl, aryl, cycloalkyl, 
loweralkoxycarbonyl, aminocarbonyl or acyl; R 1 and R 2 , which may be 
the same or different, are selected from the group consisting of hydrogen 
and lower alkyl groups, or taken together can form an oxygen atom when 

Y is NR 3 ; A is C-, CH- or N-; R is -CZ-Y'-Y 2 -* 3 , wherein: Z is 

O, -CH-CN, or -N-CN; one of Y 1 and Y 2 is a bond, -CO-, O, S, or 
-NR 4 -, and the other is (CHz)m, where m is 0 or an integer of 1 to 4, 
and R 4 is H or alkyl, with the previso that when Z is O and m is 0 then 
Y 1 or Y 2 is selected form -CO-, O, S, or -NR 4 ; R 3 is aryl, heteroaryl or 
heterocycloalkyl, with proviso that R 3 can also be lower alkyl when Z is 
=N-CN; and their pharmaceutically acceptable acid additions salts; have 
activity as Ras-FPT inhibitors. Ttity can be used, e.g., in pharmaceutical compositions, for inhibiting the abnormal growth of cells and for 
inhibiting proliferative diseases. Processes for their preparation, and useful intermediates, are also disclosed. 
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TRICYCLIC COMPOUNDS HAVING ACTIVITY 
AS Ras-FPT INHIBITORS 

FIELD OF THE INVENTION 

This invention relates to novel tricyclic compounds having activity as 
5 Ras-FPT (farnesyl protein transferase) inhibitors. 

BACKGROUND OF THE INVENTION 

International Patent Publication Number WO92/11034, published July 9 
1992, discloses a method of increasing the sensitivity of a tumor to an 
antineoplastic agent, which tumor is resistant to the antineoplastic agent, by the 
1 0 concurrent administration of the antineoplastic agent and a potentiating agent of 
the formula: 




i 



Y' 

wherein the dotted line represents an optional double bond, X 1 is hydrogen or 
halo, and Y' is hydrogen, substituted carboxylate or substituted sulfonyl. For 

1 5 example, Y' can be, amongst others, -COOR' wherein R' is Ci to C6 alkyl or 
substituted alkyl, phenyl, substituted phenyl, C7 to 012 aralkyl or substituted 
aralkyl or 2-, 3-, or 4-piperidyl or N-substituted piperidyl. Y' can also be, 
amongst others, S02R' wherein R' is Ci to C6 alkyl, phenyl, substituted phenyl, 
C7 to 01 2 aralkyl or substituted aralkyl. Examples of such potentiating agents 

20 include 11-(4-piperidylidene)-5H-benzo[5,6]cyclohepta[1,2-b]pyridines such as 
Loratadine. 

Oncogenes frequently encode protein components of signal transduction 
pathways which lead to stimulation of cell growth and mitogenesis. Oncogene 
expression in cultured cells leads to cellular transformation, characterized by the 
25 ability of cells to grow in soft agar and the growth of cells as dense foci lacking 
the contact inhibition exhibited by non-transformed cells. Mutation and/or 
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overexpression of certain oncogenes is frequently associated with human 
cancer. 

To acquire transforming potential, the precursor of the Ras p21 
oncoprotein must undergo famesylation of the cysteine residue located in a 
cartooxyl-terminal tetrapeptide. Inhibitors of the enzyme that catalyzes this 
modification, famesyl protein transferase, have therefore been suggested as 
anticancer agents for tumors in which Ras contributes to transformation. 
Mutated, oncogenic forms of Ras are frequently found in many human cancers, 
most notably in more than 50% of colon and pancreatic carcinomas (Kohl et al., 
Science, Vol. 260, 1934 to 1937, 1993). 

In view of the current interest in inhibitors of famesyl protein transferase, a 
valuable contribution to the art would be further compounds that can inhibit 
famesyl protein transferase. Such a contribution is provided by this invention. 



wherein: 

X 1 is hydrogen, halogen, CF 3 , nitro, NH 2 or lower alkyl; 
each X 2 is independently selected from the group consisting of hydrogen, 
halogen, lower alkoxy and lower alkyl; 
n is 1 or 2; 

Y is selected from the group consisting of S(0) p , O, and NR 5 , wherein p is 
0, 1 or 2, and R5 is hydrogen, alkyl, aryl, cycloalkyl, loweralkoxycarbonyl, 
aminocarbonyl or acyl; 

R 1 and R 2 are the same or different and are selected from the group 
consisting of hydrogen and lower alkyl groups, or taken together can form an 
oxygen atom when Y is NR 5 ; 



SUMMARY OF THE INVENTION 



The present invention provides compounds of Formula I 




I 



WO 98/15556 



PCT/US97/17314 



-3 - 

the dotted line indicates a single or double bond-Le., the dotted line 
indicates that the bond from A to C-1 1 of the tricyclic ring can be a single bond or 
a double bond; 

A is a C atom (when the dotted line indicates a double bond, i.e., when 
there is a double bond from A to the C-1 1 of the tricyclic ring) or CH or an N atom 
(when the dotted line indicates a single bond, i.e., when there is a single bond 
from A to the C-1 1 of the tricyclic ring); 

R is -CZ-Y1-Y2-R3 wherein: 

Z is O, =CH-CN, or =N-CN; 

one of Y1 and Y* is a bond, -CO-, O, S, or -NR 4 -, and the other is 
(CH2) m , where m is 0 or an integer of 1 to 4, and R 4 is H or alkyl, with the proviso 
that when Z is O and m is 0 then Y 1 or Y 2 is selected from -CO-, O, S, or-NR 4 ; 

R 3 is aryl, heteroaryl or heterocycloalkyl, with the proviso that R 3 can also 
be lower alkyl when Z is =N-CN; 

and their pharmaceutical^ acceptable acid addition salts. 

This invention provides a method for inhibiting FPT (famesyl protein 
transferase) using a compound of Formula I defined above which: (i) potently 
inhibits FPT relative to geranylgeranyl protein transferase I, in vitro\ (ii) blocks 
the phenotypic change induced by a form of transforming Ras which is a farnesyl 
acceptor but not by a form of transforming Ras engineered to be a geranyl- 
geranyl acceptor; (iii) blocks intracellular processing of Ras which is a farnesyl 
acceptor but not of Ras engineered to be a geranylgeranyl acceptor; and (iv) 
blocks abnormal cell growth in culture induced by transforming Ras. 

This invention provides a method for inhibiting the abnormal growth of 
cells, including transformed cells, by administering an effective amount of a 
compound of Formula I to a mammal (e.g., a human) in need of such treatment. 
Abnormal growth of cells refers to cell growth independent of normal regulatory 
mechanisms (e.g., loss of contact inhibition). This includes the abnormal growth 
of: (1) tumor cells (tumors) expressing an activated Ras oncogene (e.g., Ras 
p21); (2) tumor cells in which the Ras protein is activated as a result of 
oncogenic mutation in another gene; and (3) benign and malignant cells of 
other proliferative diseases in which aberrant Ras activation occurs. Preferably 
the cells inhibited are tumor cells expressing an activated ras oncogene, or 
pancreatic tumor cells, lung cancer tumor cells, myeloid leukemia tumor cells, 
thyroid follicular tumor cells, myelodysplastic tumor cells, epidermal carcinoma 
tumor cells, bladder carcinoma tumor cells, colon tumors cells, breast cancer 
cells and prostate cancer cells. The inhibition of the abnormal growth of cells 
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10 



15 



20 



can occur by the inhibition of Ras famesyl protein transferase, or by the 
activation of the Ras protein as a result of oncogenic mutation in genes other 
than the ras gene. 

It is believed that this invention also provides a method for inhibiting 
proliferative diseases, both benign and malignant, wherein Ras proteins are 
aberrantly activated as a result of oncogenic mutation in other genes - i.e., the 
ras gene itself is apparently not activated by mutation to an oncogenic form - 
with said inhibition being accomplished by the administration of an effective 
amount of a compound of Formula I described herein, to a mammal (e.g., a 
human) in need of such treatment. For example, the benign proliferative 
disorder neurofibromatosis, or tumors in which Ras is activated due to mutation 
or overexpression of tyrosine kinase oncogenes (e.g., neu, src, abl, Ick, lyn, fyn), 
may be inhibited by the compounds of Formula I described herein. 

In another embodiment, the present invention is directed toward a method 
for inhibiting Ras farnesyl protein transferase and the famesylation of the 
oncogene protein Ras by administering an effective amount of a compound of 
Formula I defined above to mammals, especially humans. The administration of 
a compound of Formula I to patients, to inhibit famesyl protein transferase, is 
useful in the treatment of the cancers described above. 

Another aspect of this invention is a pharmaceutical composition for 
inhibiting the abnormal growth of cells comprising an effective amount of 
compound of Formula I in combination with a pharmaceutical^ acceptable 
earner. 

A further feature of the invention comprises a process for the preparation 
of a compound of the formula 




wherein X1, X2, n, R 1 , R2 and Y are as defined in claim 1, which comprises the 
step of fusing a compound of the formula 
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with a Lewis acid catalyst; and contacting the product with an aqueous medium. 
Compounds of formula A1 are useful intermediates in the preparation of 
compounds of the Formula I. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Compounds of the Formula I above are selective inhibitors of Ras-FPT 
and can be used as anti-tumor agents. 

In Formula I , when n is 1, X 2 is preferably halogen, more preferably CI 
(e.g., 1 0-CI or 8-CI), and most preferably 8-CI. 

Compounds of Formula I also include compounds wherein n is 2 and 
each X 2 is the same or differemt halogen. For example, when n is 2 each X2 
can be independently selected from Br or CI. Thus, for example, one X 2 can be 
CI (e.g., 8-CI) and the other X 2 can be Br (e.g., 7-Br, 9-Br or 10-Br)-e.g., 7-Br 
and 8-CI, or 8-CI and 10-Br. 

In another preferred group of compounds, Y is SO2, O, N-alkyl (e.g., 
N-Me)orS. Preferably, Y is S. 

In yet another preferred group of compounds, R 1 and R 2 are H. 
Compounds of Formula I also include compounds wherein R1 and R 2 are alkyl 
(e.g., methyl). For example, in compounds wherein R1 and R 2 are alkyl Y can be 
S0 2 . 

A is preferably C (when the dotted line indicates a double bond; i.e., 
A^- represents C=) or N (when the dotted line indicates a single bond; i.e., 
A.-HTT represents N-). 

Preferably, Z is O, Yi is CH 2 , Y 2 is a bond or S, and R3 is a heteroaryl 
group, and more preferably R3 is a 3- or 4-pyridinyl group, a 3- or4-pyridinyl-1- 
oxide, or a 1-methyl-4-piperidinyl group or a 1-CONH 2 -4-piperidinyl group (most 
preferably a 1-CONH 2 -4-piperidinyl group); 

or preferably Z is =N-CN, Yi is NH, Y 2 is CH 2 , and R3 is a heteroaryl 
group, and more preferably R3 is a 3- or 4-pyridinyl group or a 3- or 4-pyridinyl 
N-oxide group. 



it" v 
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Particularly preferred compounds of the Formula I above include the 
following compounds: 



4-(3-Bromo-8-chloro-5,1 1- 
dihydro[1]benzoxepino[4,3-b]pyridin- 
1 1 -ylidene)-1 -(4-pyridine- 
acetyl)piperidine N1 -oxide having the 
formula 

4-(8-Chloro-5,11- 
dihydro[1]benzothiepino[4,3-b]pyridin- 
1 1 -yl)-N-cyano-N'-(4-pyridinylmethyl)- 
1 -piperazine-carboximidamide having 
the formula 



4-(8-Chloro-5,11- 
dihydro[1]benzothiepino[4 ( 3-b]pyridin- 
1 1 -y!idene)-N-cyano-N , -(4-pyridinyl- 
methyl)-1-piperidine-carboximidamide 
having the formula 



4-(8-Ch!oro-5,11- 
dihydro[1]benzothiepino[4,3-b]pyridin- 
1 1 -ylidene)-N-cyano-N'-(3-pyridinyl- 
methy|)-1-piperidine-carboximidamide 
N1 -oxide having the formula 
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4-(8-Chloro-5,11- 
dihydro[1]benzothiepino[4,3-b]pyridin- 
1 1 -yi)-N-cyano-N*-(3-pyridinylmethyl)- 
1-piperazine-carboximidamide N1- 
oxide having the formula 



4-(8-Chloro-5,11- 
dihydro[1]benzothiepino[4,3-b]pyridin- 
11-ylidene)-1-(pyridine-4-acetyl)- 
piperidine having the formula 



4-(8-Chloro-6,1 1 -dihydro-6- 
methyl-5H-pyrido[3,2-c][1]benzazepin- 
1 1 -yl)-N-cyano-N , -(4-pyridinylmethyl)- 
1 -piperazine-carboximidamide having 
the formula 




Except where stated otherwise the following definitions apply throughout 
the present specification and claims. These definitions apply whether a term is 
used by itself or in combination with other terms. For example, the definition of 
"alky!" applies to "alkyl" as well as the "alkyl" portions of "alkoxy", "haloalkyr, 
"alkylidenedioxy", etc. 

Alkyl represents a straight or branched saturated hydrocarbon chain 
having 1 to 6 carbon atoms, preferably a lower alkyl group having 1 to 4 carbon 
atoms and especially a methyl or ethyl group. 

Cycloalkyl represents a saturated carbocyclic ring having 3 to 7 carbon 
atoms, e.g., cyclopentyl or cyclohexyl. 

Heterocycloalkyl represents a saturated ring having 3 to 6 carbon atoms 
and in addition one or two atoms selected from 0 ( N and S, and optionally 
substituted on C and/or on N by lower alkyl, and on N by acyl, alkoxycarbonyl 
(especially t-butyloxycarbonyl), and aminocarbonyl. Preferred heterocycloalkyl 
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groups include piperidinyl, especially 4-piperidinyl, 1-(1,1-dimethylethoxy- 
carbonyl)piperidinyl, especially 1-(1,1-dimethylethoxycarbonyl)piperidin-4-yl, 1- 
methylpiperidinyl, especially 1-methylpiperidin-4-yl, and 1-aminocarbonyl- 
piperidinyl, especially 1-aminocarbonylpiperidin-4-yl. 
5 Acyl represents a group R^CO- of a carboxylic acid generally 

represented by R6COOH, and thus includes groups of the formula Alkyl-CO-, 
Aryl-CO-, Aralkyl-CO-, and Cycloalkyl-CO- wherein the various groups 
Alkyl, Aryl, Aralkyl and Cycloalkyl are as defined in this section. 

Aryl represents phenyl, naphthyl or indanyl, each of which may be 
0 substituted with one to three groups Ra wherein each group Ra is selected from 
the group consisting of halo, alkyl, polyhaloalkyl (especially CF 3 ), hydroxy, 
alkoxy, nitro, phenoxy, amino, acylamino, alkylamino, N-alkyl-N-acylamino, and 
dialkylamino groups, or two groups R a on adjacent carbon atoms can represent 
an alkylidenedioxy group. Preferred aryl groups are phenyl, phenyl substituted 
5 with fluorine, chlorine, nitro, methyl or methylenedioxy. 1 -naphthyl, 2-naphthyl 
and indanyl groups. 

Heteroaryl represents a cyclic group having at least one O, S and/or N 
interrupting a carbocyclic ring structure and having a sufficient number of 
delocalized pi electrons to provide aromatic character, with the aromatic 
heterocyclic group having from 2 to 9, preferably from 4 to 9, carbon atoms, e.g., 
2-, 3- or 4-pyridinyl, 2- or 3-furyl, 2- or 3-thienyl, 2-, 4- or 5-thiazolyl, 2-, 4- or 

5- imidazolyl, 2-, 4- or 5-pyrimidinyl, 2-pyrazinyl, 3- or 4-pyridazinyl, 3-, 5- or 

6- (1,2,4-triazinyl), 3- or 5-(1 ,2,4-thiadiazolyl), 2-, 3-, 4-, 5-, 6- or 7-benzofuranyl, 

2- , 3-, 4-, 5-, 6- or 7-indolyl, 3-, 4- or 5-pyrazolyl, or 2-, 4- or 5-oxazolyl, etc. 
Preferred heteroaryl groups are 2-, 3- or especially 4-pyridinyl, 2- or 3-furyl, 2- or 

3- thienyl, 2-, 4- or 5-imidazolyl or 7-indolyl. Hetero-aryl groups also include 
N-oxides of those nitrogen-containing heterocycles that readily form N-oxides, 
e.g., N-oxides of 2-, 3- and especially 4-pyridinyl groups. 

Halogen indicates fluorine, chlorine, bromine or iodine. 
Polyhalo indicates substitution by at least 2 halo atoms (e.g., 2, 3, or 4) in 
the group modified by the term "polyhalo" (and preferably represents trifluoro- 
methyl). 

Each group that appears more than once in a structural formula, for 
example X2, may be independently selected from the whole definition for that 
group. 

A particular compound of Formula I may exist in more than one stereoiso- 
meric configuration, depending for example on the nature of the groups R1 and 
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R 2 . Further stereoisomerism may be present when X is SO, and within Formula 
I there are still further possibilities for stereoisomerism, e.g., at the 1 1 -position 
when the dotted line indicates a single bond. Geometrical isomerism is possible 
for those compounds of the Formula I wherein 2 is =CH-CN. All possible 
isomers, especially stereoisomers, of Formula I are within the scope of the 
invention, as are their mixtures, including racemic mixtures. 

The tricyclic compounds of Formula I are basic and form acid addition 
salts, e.g. with pharmaceutically acceptable salts. Examples of suitable acids for 
salt formation are hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, malonic, 
salicylic, malic, fumaric, succinic, ascorbic, maleic, methanesulfonic and other 
mineral and carboxylic acids well known to those in the art. The salts are 
prepared by contacting the free base form with a sufficient amount of the desired 
acid to produce a salt in the conventional manner. The free base forms may be 
regenerated by treating the salt with a suitable dilute aqueous base solution 
such as dilute aqueous NaOH, potassium carbonate, ammonia or sodium 
bicarbonate. The free base forms differ from their respective salt forms 
somewhat in certain physical properties, such as solubility in polar solvents, but 
the acid and base salts are otherwise equivalent to their respective free base 
forms for purposes of the invention. All such salts are considered equivalent to 
the corresponding free bases for purposes of the invention. 

Compounds of the Formula I can be prepared in general by methods that 
are known in the art. Such methods are described in the following Schemes 
A-G, wherein Rb is the group R ( H or (generally and most preferably) a nitrogen- 
protecting group such as a lower alkyl group, especially methyl. After the 
reaction shown in Scheme A, B or C, it may be necessary to carry out a finishing 
step given in Scheme D, E, F and/or G to obtain a compound of the Formula I. 
For example, when R b in a Scheme below is the group H or a nitrogen- 
protecting group, the conversion of R b into the group R can be carried out as 
shown in Scheme G. Moreover, groups such as -NH- in Y (when R 5 is H) and 
NH2 in X 1 may need protecting for at least one of the steps to which they will be 
subjected in these schemes; such protection is standard in the art. A group 
"NH- or NH2 can be protected with (for example) a benzyloxycarbonyl group or 
a f-butyloxycarbonyl group (which can later be removed by hydrogenation or 
acid hydrolysis, respectively). Except for such protection, the various groups, the 
dotted line and n in the formulae in the Schemes are as defined for Formula I, 
unless otherwise stated. 
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SCHEME A: 



o 

Al 




1. Reduce 11-keto 
to 11-OHand 
convert to 
11 -leaving group 




'n 




A2 



0 



A3 



In Scheme A, the tricyclic nucleus is already provided by the compound of 
formula A1, and the piperazine taiT is added on. Replacement of the 11-keto 
group of the compound of the formula A1 by a leaving group can be effected by 
reduction and transformation of the resulting hydroxy group into an activated 
leaving group, especially a mesylate or tosylate, or a halide. Reduction can be 
effected by means of a borohydride, e.g., NaBH 4 , in an organic or aqueous 
organic solvent. Transformation into the mesylate or tosylate can be effected 
with the appropriate sulfonyl chloride and a tertiary amine base; transformation 
into the halide can be effected with a halogenating agent such as thionyl 
chloride or bromide in an inert organic solvent such as methylene chloride. The 
condensation of the resulting mesylate, tosylate or halide with the compound of 
the formula A2 is preferably carried out in an organic solvent in the presence of 
a base serving as acid-binding agent; an excess of a liquid base (e.g., a tertiary 
amine such a pyridine or triethylamine) can serve as solvent. 

In the preparation of the compound of the formula A1 by fusing a 
compound of the formula A4 



with a Lewis acid catalyst, and then contacting the product with an aqueous 
medium, the Lewis acid is preferably AICI 3 . The product (probably the imine 
corresponding to the compound of formula A1 , or a complex thereof with AICI 3 ) 
is converted into the tricyclic ketone of the formula A1 by contact with water 
during work-up. 
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SCHEME B: 




In Scheme B, the piperidine tail' is already present in the compound of 
formula B1 , and the tricyclic nucleus is assembled. In this reaction, the acid is 
preferably concentrated sulfuric acid or polyphosphoric acid; the Lewis acid is 
preferably boron trifluoride, titanium tetrachloride, aluminum chloride or other 
Friedel-Crafts catalyst. When boron trifluoride, titanium tetrachloride, or 
aluminum chloride is used as Lewis acid, the reaction can be effected in the 
presence of an anhydrous organic solvent; however, it is frequently preferred to 
fuse the reactant of the formula B1 with aluminum chloride or heat it neat with 
titanium tetrachloride. The acid or Lewis acid chosen can determine the nature 
of the product; for example, a 3-chIorophenyI compound of the formula B1 will 
give predominantly an 8-chloro compound of the formula B2 and comparatively 
little 10-chloro compound when aluminum chloride is used as catalyst, but a 
much larger proportion of 10-chloro compound of the formula B2 when titanium 
tetrachloride is used as catalyst. 

When the benzene ring in the compound of the formula B1 is 
asymmetrically substituted by the group or groups X 2 , then the resulting 
compound of Formula I may be a mixture of products. Such a mixture can be 
separated into its constituents by standard methods such as recrystallization or 
chromatography. 
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SCHEME C: 




O 



MgHal 



C2 




Al 



2. Eliminate hydroxy 
group and optionally 
reduce double bond 



In Scheme C, the tricyclic nucleus is already provided by the compound 
of formula A1, and the piperidine lair is added on. The Grignard reaction of the 
compounds of the formulae C1 and C2 can be carried out in an inert anhydrous 
organic solvent, preferably an ether such as diethyl ether, dioxane or THF. The 
elimination of the hydroxy group can be effected with a dehydrating agent such 
as concentrated sulfuric acid, polyphosphoric acid, or acetyl chloride with glacial 
acetic acid and acetic anhydride, or with 'Burgess reagent* (methoxycarbonyl- 
sulfamoyltriethylammonium hydroxide) in an inert organic solvent such as an 
aromatic hydrocarbon, e.g., benzene. Optional reduction of the exocyclic 
1 1 -double bond can be effected with hydrogen and a catalyst, e.g., Pt, Pd or 
Raney nickel, or with Dibal-H. 

After Scheme A, B or C has been carried out, a number of finishing steps 
may be necessary to provide a desired compound of Formula I, in particular by 
substituting the tricyclic nucleus or by replacing the group Rb by R; such 
finishing steps are shown in the following Schemes D, ,E, F and G: 



A 6-thia compound of the Formula I, i.e., a compound wherein Y is S, can 
be oxidized to a compound wherein Y is SO or SO2. Moreover, a 6-thia-6-oxide 
(or sulfoxide) of the Formula I, i.e., a compound wherein Y is S - O, can be 
oxidized to a compound wherein Y is S0 2 (or sulfone). This is shown in the 
following Scheme, wherein R*> is the group R, H or a nitrogen-protecting group, 
Y 3 in the compound of the formula D1 is S or SO, and Y 4 in the compound of the 
formula D2 is SO (except when Y* is SO) or SO2: 



SCHEME D: 



WO 98/15556 



PCTAJS97/17314 



-13 - 




The oxidizing agent is preferably a peracid such as peracetic acid, 
3-chloroperbenzoic acid, or perboric acid, but can also be DBH (1 ,3-dibromo- 
5,5-dimethyl-hydantoin) in acetic acid or NaN0 3 in H 2 S0 4 for the preparation of 
the sulfoxide. If a 6-thia compound is being oxidized to the sulfoxide or the 
sulfoxide to the sulfone, then about one equivalent of oxidizing agent should be 
used; if the 6-thia compound is being oxidized to the sulfone, then at least two 
equivalents of oxidizing agent should be used. 

This oxidation usually yields the sulfoxide cleanly, but further oxidation to 
the sulfone often causes oxide formation also at the N of the fused pyridine ring, 
so that the sulfone will need to be separated from sulfone-N-oxide. 

SCHEME E: 

An alkyl substituent R 1 or R 2 may be introduced into a compound of 
Formula I at the 5-position, provided that the 5-carbon atom is activated. The 
reaction can be effected with an alkylating agent such as an alkyl halide, e.g., 
the iodide, and a base, e.g., sodium hydride, in an inert anhydrous organic - 
solvent such as DMF: 




The reaction can be controlled to allow the introduction of only one group 
R 1 or R 2 if desired. In general, however, it is much preferred to carry out this 
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reaction at an earlier stage of the synthesis, e.g., on a ketone of formula C1 (see 
Scheme C) wherein R 1 and R 2 are both H and Y is SO2. 

SCHEME F: 

A further substituent, especially a halogen atom, can be introduced into 
5 the fused pyridine or benzene ring when Y is NR 5 or especially O. Thus, 

reaction of a compound of Formula I lacking a substituent at the 9-position with 
DBH in sulfuric acid typically introduces a 9-bromine atom. 

A nitro or NH2 group or a halogen atom (especially bromine) can be 
introduced into the fused pyridine ring of a compound of Formula I. Thus, 

1 0 reaction of a compound of Formula I lacking a substituent at the 3-position with a 
tetraalkylammonium nitrate (preferably tetrabutylammonium nitrate) in 
trifluoroacetic anhydride (TFA, preferably in the presence of an inert organic 
solvent such as methylene chloride) at moderately low temperature, e.g., about 
0°C, yields the 3-nitro compound. This process works particularly well in the 

15 6-oxa series. The nitro group can then be replaced with other groups by 

standard methods; for example, with amino by reduction (e.g., with Fe/CaCl2 in 
EtOH/water) and then if desired with bromine by diazotization and bromination. 
This process is illustrated for a compound of the invention in the following 
scheme, but is not restricted to this embodiment: 



20 




1. Bu 4 NN0 3 ,TFA,CH 2 Cl 2 



2. Fe/CaCl 2 in EtOH/water 

0~ 



^^^^^ 3. Diazotize 



4. Brominate 




SCHEME G: 

A compound in which R b is a protecting group or a hydrogen atom can be 
converted into a compound wherein R is -CZ-Y 1 -Y 2 -R 3 , wherein Z, Y 1 , Y 2 , 
and R 3 are as defined for Formula I. When R b is hydrogen, the reaction can be 
25 effected by simple condensation, e.g., amidation with the acid in the presence of 
a dehydrating agent or with a reactive derivative of the acid. 

A protecting group R b should normally be removed before the group R is 
introduced. When R b is methyl, it can be replaced by ethoxycarbonyl by reaction 
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with ethyl chloroformate; an ethoxycarbonyl group can be removed by 
hydrolysis, e.g., with alkali such as alcoholic KOH or with concentrated HCL 

The group R can also be introduced by condensation of a compound of 
the formula A3, wherein R b is hydrogen, with a compound of the formula R-Hal, 
5 where Hal is Br or preferably CI, in the presence of a strong base, e.g., a tertiary 
amine such as N,N-di(2-propyl)ethylamine ( and an inert organic solvent such as 
acetonitrile at a moderate temperature such as 60-1 00°C. 




SCHEME H: 

1 0 A compound wherein R 3 is a heterocycloalkyl group including an -NH- 

group can be converted into the corresponding urea, i.e., the compound wherein 
R 3 is a heterocycloalkyl group including an -N(CONH 2 )- group, by heating in 
aqueous solution, preferably at 95-1 00°C, with urea (preferably in large excess, 
e.g., 10 equivalents). This process is illustrated for a compound of the invention 

1 5 in the following scheme, but is not restricted to this embodiment: 
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PREPARATIONS and EXAMPLES 

The following Examples (and Preparations) illustrate but do not in any 
way limit the present invention. Standard abbreviations and formulae are used 
throughout the Examples and Preparations, as well as the following: 

EDCI and DEC are 1-(3-diethylaminopropyl)-3-ethylcarbodiimide; 

HOBT is 1-hydroxy-benzotriazole monohydrate; 

NMM is N-methyl-morpholine; 

(MeS) 2 C=NCN is dimethyl N-cyanodithio-iminocarbonate; 

TMSNCO is trimethylsilylisocyanate; 

TFA is trifluoroacetic acid; 

TLC is thin layer chromatography; 

M represents the molecular ion of the molecule in the mass spectrum; 
M+H represents the molecular ion of the molecule plus hydrogen in the 
mass spectrum. 

The preparation of compounds of the formula A1 (see Scheme A above), 
e.g., 8-chioro-5,1 1-dihydro[1]benzoxepino[4,3-b]pyridin-1 1-one 




and its 10-chloro isomer, is given in PCT application WO 89/10369, in the 
corresponding U.S.P. 5,104,876 (see also Chem. Abs. (1990) 112, 178941b), 
and in J. Med. Chem., 1995, 38, pp. 496-507 (Iwasaki etal.). These references 
also show the preparation of various other compounds usable as starting 
materials, e.g., of 4-(8-chloro-5,11-dihydro[1]benzothiepino[4,3-b]pyridin-11- 
ylidene)-piperidine (see, e.g., Preparative Example 7 of U.S.P. 5,104,876) and 
ethyl 4-(8-chloro-5 l 1 1-dihydro[1]benzoxepino[4,3-b]pyridin-1 1-ylidene)- 
1-piperidine-carboxylate (see, e.g., Preparative Example 4 of U.S.P. 5,104,876). 
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PREPARATION 1: 1-f8-Chloro-5.11-dihvdrornbenzoxepinor4.3-b]Dvridin-11- 
yD-piperazing 

Step A: 8-Chioro-5.1 1-dihvdrornben2oxepinor4.3-blDvridin-1 1-ol 



NaBH4 (4.0 g, 1.06 mmol) was added to a solution of 5,1 1-dihydro- 
[1]benzoxepino[4,3-b]pyridin-11-one (20 g, 81.6 mmol) in ethanol (USP, 200 ml) 
at 0°C. The solution was stirred at 0°C and then at 10°C for two hours. The 
ethanol was evaporated off and the residue was extracted with CH2CI2 (300 ml) 
and water (200 ml). The CH2CI2 extract was dried (MgS04), filtered, and 
evaporated. The resulting syrup was largely dissolved in ether (about 20 ml) 
and acetone was added, yielding crystals of 8-chloro-5,11-dihydro[1]benz- 
oxepino[4,3-b]pyridin-11-ol. These were filtered off, washed with ether and 
hexanes and dried, m.p. 107-109°C; MS (CI, M+H) = 248; yield 16.39 g. 

Step B: 1 -te-Chloro-5. 1 1 -dihvdron 1benzoxeDinor4.3-blDvridin-1 1 -vh- 
piperazine 



Thionyl chloride (4.5 g) in toluene (5 ml) was added to a suspension of 
8-chloro-5 t 11-dihydro[1]benzoxepino[4,3-b]pyridin-11-ol (9 g, 36.4 mmol) in 
toluene (195 ml) at -5°C, and the mixture was stirred z{ hours at *5°C. Water 
(100 ml), 10% NaOH (50 ml) and EtOAc (100 ml) were added, and the organic 
layer was separated, washed with water, dried (MgS04) f filtered and 
evaporated. The residue was dissolv d in ther (100 ml), and the solution was 
filtered and evaporated, yielding a reddish oil (about 9 g), which was used 
without further purification. 
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8,11-Dichloro-5,11-dihydro[1]benzoxepino[4,3-b]pyridine (9.0 g, 33.8 
mmol), piperazine (3.4 g, 40.6 mmol), N,N-di(2-propyl)ethylamine (8 ml, 45.8 
mmol) and acetonitrile (200 ml) were mixed and refluxed overnight. The 
reaction mixture was cooled to 40°C, water (50 ml) was added, and the resulting 
yellow precipitate (about 4 g) was filtered off. The aqueous phase was extracted 
with methylene chloride, and the organic solution was washed with water 
(15 ml), dried (MgS04), filtered and evaporated, yielding a yellow syrup (about 
6 g). This was combined with the yellow precipitate (about 4 g; total about 

10 g), and the total product was chromatographed on silica and eluted with 
10%MeOH/EtOAc/NH 4 OH and then with 15%MeOH/EtOAc/3%-NH 4 OH. The 
resulting purified product was recrystallized from acetone/ether to afford a white 
powder, 1-(8-chloro-5,1 1-dihydro[1]benzoxepino[4,3-b]pyridin-1 1 -yl)-piperazine, 
which was dried at room temperature and 0.2 mm: yield 3.3 g; m.p. 162-163°C; 
MS(CI,M+H)=316; anal.: Found: C, 64.79; H, 5.93; N, 13.10; C 17 H 18 CIN 3 0 
requires: C, 64.65; H, 5.74; N, 13.30. 

PREPARATION 2: 4-r3-Bromo-8-chlorn- 5.1 1-dihvdrornbenzoxepinnr4, a . 
blpvridin-1 1 -vlideneH -piperidine 

s teP A: Ethvl 4-t8-chloro-5. 1 1 -di hvdro-3-nitrnri lbenzoxepinor4.3-blpvridin- 

1 1 -vlidene l- 1 -pioeridine-carboxy late 




C0 2 Et 



A solution of tetrabutylammonium nitrate (1.58 g, 5.19 mmol) in methylene 
chloride (10 ml) was added dropwise to a solution of ethyl 4-(8-chloro-5,1l- 

dihydro[1]benzoxepino[4,3-b]pyridin-11-ylidene)-1-piperidine-carboxylate 
(2.0 g., 5.2 mmol) and trifluoroacetic anhydride (0.73 ml, 5.16 mmol) in 
methylene chloride (25 ml). The solution was stirred overnight at 20°C. 

Th reaction mixture was basified to pH 14 with 10% sodium hydroxide, 
and the organic layer was separated, dried (MgS04), filtered, and evaporated, 
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yielding an oil which was chromatographed on silica gel and eluted with 20% 
ethyl acetate/hexanes. The resulting solid was recrystallized from 
methanol/ether to afford white crystals of ethyl 4-(8-chloro-5,1 1-dihydro-3- 
nitro[1]benzoxepino[4,3-b]pyridin-1 i-ylidene)-1 -piperidine-carboxylate, m.p. 
5 192-193°C. MS(CI, M+H)=430; anal.: found: C, 58.15; H.4.84; 
N.9.78; C21H20CIN3O5 requires: C, 58.67; H ( 4.69; N, 9.77. 

Step B; Ethvl 4-f3-a mino-8-chloro-5.11-dihvdrori1ben2oxeDinof4.3> 

blovridin-1 1 -vlideneM -piperidine-carboxylate 




C0 2 Et 



1 0 Iron powder (10 g., 0.179 Mol) and CaCI 2 (2 g, 18.0 mmol) were added to 

a suspension of ethyl 4-(8-chloro-5 t 11-dihydro-3-nitro[1]benzoxepino[4,3- 
b]pyridin-11-ylidene)-1-piperidine-carboxylate (10 g, 23.2 mmol) in 
ethanol:water (10:1 v/v, 200 ml), and the mixture was stirred at 60°C for 3 hours. 
The reaction mixture was concentrated, extracted with methylene chloride 

15 (600 ml), and filtered through a 'Celite' pad. The filtrate was washed with water 
(200 ml), dried (MgS0 4 ), filtered, and evaporated, and the resulting oil was 
chromatographed on silica gel and eluted with 5%MeOH/ethylacetate, yielding 
the product, ethyl 4-(3-amino-8-chloro-5,11-dihydro[1]benzoxepino[4,3- 
b]pyridin-11-ylrdene)-1-piperidine-carboxylate l as a black solid (3.4 g, 36%), 

20 m.p. 133°C (dec). MS (CI, M+H) = 400. 
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StepCl Ethvl 4-r3-bromo-8-chloro -5.1 l-dihvdrornbenynyflpip^ ^. 

b ]pyridin-1 1 -vlidene)-1 -piperidine-carboxylate 



Bromine (1.0 ml, 19.4 mmol) was added to a suspension of ethyl 
4-(3-amino-8-chloro-5,1 1-dihydro[1]benzoxepino[4,3-b]pyridin-1 1-ylidene)-1- 
piperidine-carboxylate (1.5 g, 3.75 mmol) in hydrobromic acid (150 ml) at 0°C for 
10 minutes. Sodium nitrite (0.7 g, 10.14 mmol) in water (5 ml) was added at 
0°C, and the mixture was stirred at 0°C for 1 hour and then at 20°C for 2 hours. 
The reaction mixture was poured onto ice (200 g), basified with concentrated 
ammonium hydroxide and extracted with ethyl acetate (500 ml). The organic 
layer was washed with water (300 ml), dried (MgS04), filtered and evaporated, 
yielding a crude product which was chromatographed on silica gel and eluted 
with 30%ethylacetate/hexanes. The product was recrystallized from ether to 
afford a white powder, ethyl 4-(3-bromo-8-chloro-5,11-dihydro[1]benz- 
oxepino[4,3-b]pyridin-11-ylidene)-1 -piperidine-carboxylate (1.0 g, 58%), 
m.p. 148-149°C. MS (CI, M+H) = 463; anal.: found: C, 53.92; H.4.16; 
N, 6.18; C2iH2oBrCIN 2 0 3 requires: C, 54.38; H, 4.34; N, 6.04. 

Step D: 4-(3-Bro mo-8-chloro-5.11-dihydro[1]benzoxepinor4.3-bJpvridin-1 1- 
vlideneM-piperidine 



Br-^ 




V-ci 



C0 2 Et 



Br^ 




X-ci 



WO 98/15556 



PCT/DS97/17314 



-21 - 

A solution of ethyl ^(S-bromo-S-chloro-S.H-dihydrof^benzoxepino^.S- 
b]pyridin-11-ylidene)-1-piperidine-carboxylate (0.8 g, 1.72 mmol) in cone. HCI 
(5 ml) was stirred at 80°C for 3 days. The reaction mixture was cooled to room 
temperature, poured onto ice (20 g), and basified at 0°C with cone. NH4OH. The 
5 precipitate was filtered off, washed with water (10 ml), and dried at 20°C/0.2 mm 
to afford 4-(3-bromo-8-chloro-5,1 1-dihydro[1]benzoxepino[4,3-b]pyridin-11- 
ylidene)-1-piperidine (0.6 g, 88%); MS (CI, M+H) = 391. 

PREPARATION 3: 4-(9-Bromo-8-chloro-5.1 1-dihvdrori1benzox ep innf4 3- 
blPvridin-11-vlid eneVpiperidine 

10 Step A: Ethvl 4-(9-bromo-8-chloro-5. 1 1 -dihydroM 1benzoxepino[4.3- 
blpvridin-1 1-vlid eneM -piperidine-carboxvlate 




C0 2 Et 



Bromine (0.5 ml, 9.7 mmol) was added to a solution of ethyl 4-(8-chloro- 
5 l 11-dihydro[1]benzoxepinof4 l 3-b]pyridin-11-ylidene)-1-piperidine-carboxylate 

15 (1.0 g. f 2.6 mmol) in methylene chloride (15 ml) at 20°C. The solution was 
stirred for 2 hours at 20°C. The reaction mixture was poured onto ice (50 g), 
basified with 10% NaOH, and extracted with methylene chloride (100 ml). The 
organic layer was separated, washed with water (20 ml), dried (MgSCU), filtered 
and evaporated, yielding an oil which was chromatographed on silica gel and 

20 eluted with 1:1 ethylacetate/hexanes. The product, ethyl 4-(9-bromo-8-chloro- 

5,11-dihydro[1]benzoxepino[4,3-b]pyridin-11-ylidene)-1-piperidine-carboxylate 
(0.8 g., 66% yield) was obtained as a white solid; MS (CI, M+H) = 465. 
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Step B; 4-f9-Bromo-8-chloro-5.11 -dihvdrornbenzoxeDinof4.3-blDvridin-11> 

y|icjene)-pjp3rMine 



A solution of ethyl 4-(9-bromo-8-chloro-5 f 11-dihydro[1]benzoxepino[4,3- 
b]pyridin-11-ylidene)-1-piperidine-carboxylate (0.6 g, 1.29 mmol) in cone. HCI 
(5 ml) was stirred at 80°C overnight. The reaction mixture was cooled to 0°C ( 
basified with cone. NH4OH, and extracted with methylene chloride (2 x 100 ml). 
The organic layer was separated, washed with water (20 ml), dried (MgSCU), 
filtered and evaporated, yielding an oil which was chromatographed on silica 
gel and eluted with 10%methanol/ethylacetate containing 2% cone. NH4OH. 
The product, 4-(9-bromo-8-chloro-5,1 1-dihydro[1]benzoxepino[4,3-b]pyridin-1 1- 
ylidene)-piperidine (470 mg„ 93% yield) was obtained as a white solid, m.p. 
198-199°C; MS (CI, M+H) = 391; anal.: found: C, 55.32; H,4.15; N, 7.12; 
Ci8H 16 BrCIN 2 0 requires: C, 55.19; H,4.31; N, 7.15. 

PREPARATION 4: 4-(3,9-Dibromo-8-chloro-5.1 1-dihvdrof11benzoxeDinor4.3- 
blpyridin-1 1 -ylidene)-piperidine 

Step A: Ethvl 4-f3.9-dibromo-8-chl oro-5.1 1-dihvdrori1benzoxepjnor4.3- 

blpvridin-1 1 -vlideneM -piperidine-carboxylate 




Br 



Br-^ 




C0 2 Et 
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Ethyl ^(a.G-dibromo-S-chloro-S.II-dihydroIIJbenzoxepino^.a-blpyridin- 
11-ylidene)-1-piperidine-carboxylate (m.p. 153-155°C; MS (CI, M+H) = 541) 
could be prepared by the method of Preparation 3 Step A from ethyl 4-(3-bromo- 

8-chloro-5,11-dihydro[1]benzoxepino[4,3-b]pyridin-11-ylidene)-1-piperldine- 
carboxylate. 

Step B: 4-(3.9-Dibr omo-8-chloro-5. 1 1 -dihydroM ]benzoxepino[4.3- 

blDvridin-1 1-vlidene^-DiD6ridir.fl 



4-(3,9-Dibromo-8-chloro-5,11-dihydro[1]benzoxepino[4 f 3-b]pyridin-11- 
ylidene)-piperidine could be prepared by the method of Preparation 3 Step B 
from ethyl 4-(3,9-dibromo-8-chloro-5,1 1-dihydro[1]benzoxepino[4,3-b]pyridin- 
1 1 -ylidene)-1 -piperidine-carboxylate. 

PREPARATION 5: 4-f 8-Chloro-5. 1 1 -dih vdro-f 1 IbenznthiepinoM.fl.blPvridin-l 1 - 
Vlidenel-Pioeridine and 4-(10-chloro-5.1 1-dihydro-M1benzothiepinor4.3- 
blpvridin-1 1 -vlidenel-piDaridirm 

Step A; 3-rf3-Chlorophenvnthiomfi thvn-2-Dvridinecarboxvlir; aniri 



A mixture of 3-[(3-chlorophenyl)thiomethyl]-2-cyanopyridine (7.5 g, 
28.8 mmol; see U.S.P. 5,104,876, Preparative Example 7), 25% NaOH (50 ml) 
and 30% hydrogen peroxide (2 ml) was heated at 1 10°C for 2 days and then 
cooled to room temperature. Water was added, and the mixture was acidified 
with concentrated HCI to pH~6.5. The water was removed under reduced 
pressure and the resulting solid was extracted with boiling MeOH/THF (9:1). 



Br^ 
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The organic extracts were evaporated to dryness and chromatographed on 
silica gel to afford analytically pure material; MS (CI t M+H) = 280.1. 

Step B; 3-rf3-ChlorophenvlMhio methvl1*N-methoxv-N-methvl-2-pvridine- 

carboxamide 




H3C-N-OCH3 



N-Methoxymethylamine (1.05 g) was dissolved in THF-water (25:1, 5 ml) 
with anhydrous K2CO3 (1.5 g), and the solution was stirred at room temperature 
for 30 minutes. It was then transferred by syringe into a flask containing 
3-[(3-chlorophenyl)thiomethyl]-2-pyridinecarboxylic acid (2.0 g, 7.16 mmol) in a 

1 0 mixture of THF (3 ml), DMF (2 ml) and NMM (0.5 ml). HOBT (180 mg, 

1.33mmol) and EDCI (255 mg, 1.33 mmol) were added at 0°C and the mixture 
was then stirred 28 hours at room temperature. The reaction mixture was diluted 
with water and extracted with EtOAc. The extracts were washed with brine, dried 
(Na 2 S04), filtered and concentrated. The product was chromatographed on 

15 silica in 2%MeOH/CH 2 CI 2 and afforded 200 mg of 3-[(3-chlorophenyl)thio- 
methyl)]-N-methoxy-N-methyl-2-pyridinecarboxamide; MS (EI, M) = 292; 
MS (CI, M+H) = 293. 

Step C: F3-[f 3-ChloroDhenvlMhiomethvlV2-pvridinvnn -methvl-4- 
piperidinvllmethanone 




Anhydrous CeCl3 (1.1 g, 4.46 mmol) was placed in a 50 ml 2-necked 
flask and flamed out under vacuum. The vacuum was replaced with N 2 , and dry 
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THF (20 ml) was added. The CeCl3/THF solution was stirred at room 
temperature for 16 hours and then cooled to -40°C, and the Mg-Grignard 
reagent from 4^hloro-1 -methyl-piperidine (3 ml of an 0.8M stock solution in 
THF) was added. The resulting solution was stirred at -40°C for 75 minutes, and 
then 3-[(3-chlorophenyl)thiomethyl]-N-methoxy-N-methyl-2-pyridinecarbox- 
amide (345 mg, 1 .07 mmol) was added dropwise. After 40 minutes, the mixture 
was poured into 5% HCl/EtOAc, stirred for 5 minutes, and then basified to pH -8. 
The organic product was extracted with EtOAc (6 x 100 ml), the extracts were 
washed with brine, dried (Na2S04), filtered and concentrated. The product was 
chromatographed on silica and eluted with 5-10%MeOH/CH2Cl2 to afford 
[3-[(3-chlorophenyl)thiomethyl]-2-pyridinyl][1-methyl-4-piperidinyl]methanone 
(251 mg, 64%); HRMS, FAB, calcd. 361.1141; found. 361.1141. 

Step D: 4-(8-Chloro-5.11-dihvdrof1]benzothiepino[4.3-b]pvridin-1 1- 
ylideneH -methyl-piperidine and 4-( 1 0-Chloro-5.1 1 -dihvdrof 1 jbenzo- 
thiepinor4.3-b1pvridin-1 1 -vlideneVI -methvl-piperidine 




Polyphosphoric acid (40 g) and [3-[(3-chlorophenyl)thiomethyl]-2- 
pyridinyI][1-methyl-4-piperidinyl]methanone (650 mg, 180 mmol) were mixed at 
room temperature in a flask and then heated in an oil bath at 175°C. After 16 
hours, the reaction mixture was poured onto crushed ice containing 5% NaOH. 
More water was added, and the solution was stirred until homogeneous. It was 
then cooled to 0°C, and 50% NaOH was added to a pH of 10-1 1 (about 
50-60 ml). The aqueous mixture was then extracted with EtOAc (6 x 200 ml). 
The combined EtOAc extracts were washed with brine, dried (Na2S04), filtered, 
concentrated, and chromatographed on silica. The products were as follows: 

4-(8-Chloro-5,1 1-dihydro[1]benzothiepino[4,3-b]pyridtn-1 1 -ylidene)- 
1 -methyl-piperidine, 79 mg; MS (CI, M+H) = 343; 

an unresolved mixture of that compound and the next, 110 mg; 
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4-(1 0-Chloro-5, 1 1 -dihydro[1 ]benzothiepino[4,3-b]pyridin-1 1 -ylidene)- 

I- methyl-piperidine, 51 mg; MS (CI, M+H) = 343; and 

4-(8-Chloro-5,1 1-dihydro-1 1 -hydroxy-[1 ]benzothiepino[4,3-b]pyridin- 

II- yl)-1-methyl-piperidine, 177 mg. 

5 Step E; Ethvl 4-f8-c hloro-5.1 1-dihvdro-ri1benzothieDinof4.3-blDvridin-1 1- 

vlidenel-piperidine-1-carboxylate 




I 

4-(8-Chloro-5, 1 1 -dihydro-[1 ]benzothiepino[4,3-b]pyridin-1 1 -ylidene)- 
1-methylpiperidine (840 mg, 2.45 mmols) was dissolved in toluene (30 ml), and 
CIC0 2 Et (3 ml, 3.4 g, 31.5 mmols). Et 3 N (1 ml) was added, and the mixture was 
heated at 80°C for 1 .5 hour. The mixture was cooled to room temperature, and 
NaOH solution (50%, 50 ml) and water (50 ml) were added. The aqueous 
phase was extracted with EtOAc (5 x 100 ml). The combined organic phases 
were washed with brine, dried (MgS04), filtered and concentrated. The product 
was chromatographed on silica to afford an amber amorphous solid, 658 mg; 
found: C, 63.04; H, 5.53; N, 6.69; CI, 7.66; S, 8.67; calcd. for 
C21H21CIN2O2S: C, 62.91; H.5.28; N.6.99; CI, 8.00; S, 8.84. 

Step F; 4-r8-Chloro -5.11-dihvdrornbenzothieDinor4.3-blDvridin-1 1- 

vlidenel-piperidine 




10 



15 
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Ethyl 4-(8-chloro-5,1 1-dihydro[1]benzothiepino[4 ( 3-b]pyridin-1 1-ylidene)- 
piperidine-1-carboxyIate (600 mg, 1.50 mmol) and KOH (4.5 g, 80.3 mmol) were 
dissolved in ethanol (50 ml) and water (40 ml), and the mixture was refluxed for 
8 hours. The mixture was stirred under reflux overnight and cooled to room 
5 temperature; the ethanol was evaporated off and the residual mixture was 
neutralized with 10% HCI to pH -8. The liquid was extracted with CH2CI2, the 
extract was washed with brine, dried (MgS04), filtered and concentrated to 
afford a tan solid (475 mg) which contained a 6:1 ratio of product to starting 
material by NMR. Chromatography on silica gel using 5%MeOH/CH2Cl2 gave 
10 374 mg (75%) of an off-white solid, m.p. 216-218°C; MS (CI, M+H) = 389; anal: 
found: C f 60.40; H, 5.58; N, 6.83; S, 7.87; Ci 8 Hi 7 CIN 2 S. 5 H 2 0 requires: 
C, 60.45; H, 5.29; N, 7.05; S, 8.06. 

Steps G and H: Ethvl 4-M0-chloro-5,1 1>dihvdro-mben2othieDinof4.3- 
blpyridin-1 1-vlidene^piperidin 6-1-carboxvlate and 4-M0-chloro-5.1 1-dihydro- 
15 rnben2othi epinor4.3-b1pvridin-11-vlideneKpiperidine. 




These compounds were prepared according to the methods of 
Preparation 5 Steps E and F from 4-(10-chloro-5,11-dihydro[1]benzo- 
thiepino[4 f 3-b]pyridin-11-ylidene)-1-methyl-piperidine. 

20 PREPARATION 6: 1 -f 8-C hloro-5. 1 1 -dihvdro-f 1 1benzothiepinor4.3-blDvridin-1 1 - 

vQ-pipera^ing 

SteP A1: 8-Chloro-rn-ben2othieDinor4 ,3-blDvridin-11-r5HVnnP 




S 




s 



V cl AICI3 Melt 



N 



O 
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3[[(3-chiorophenyl)thio]methyf]-2-pyridinecarbonitriIe (3.0 g, 11.5 mmols, 
see U.S. 5,104,876, Preparative Example 7) was mixed in a mortar and pistle 
with AICI 3 (7.6 g). The powered mixture was transferred to a 100 mL flask fitted 
with a condenser and heated between 160-180 °C for 45 min. upon which the 
5 yellow solid melted into a deep red viscous liquid. After cooling to room 
temperature, 6N HCI (60 mL) was slowly and carefully added. The acidified 
mixture was heated to 60 °C for 30 min, then cooled to 0 °C and basified to pH = 
14 with 25% NaOH. The mixture was extracted with EtOAc (4 x 150 mL) and 
once with 15% THF-EtOAc. The combined organics were washed with brine, 
1 0 dried over MgS0 4 , filtered and concentrated to give 2.88 g of crude material. 
Chromatography on silica gel (20% EtOAc-hexane increasing to 10% MeOH- 
CH 2 CI 2 ) afforded 2.44 g (81%) of pure material as a light brown solid. 
Decoiorization with activated carbon in acetone provides a fluffy white solid, MP 
= 1 89.5-1 90.2 °C. Irms (El, M + ) = 261 . 

15 Step A2: 8-Chloro-5.1 1-dihvdrornbenzothiepinor4.3-b)pyridin-1 1-p| 



8-Chloro-5,1 1-dihydro[1]benzothiepino[4,3-b]pyridin-1 1-one (5.02 g, 
19.2 mmol, from Step A1) was dissolved in methanol (80 ml) at room 
temperature, and NaBKU (871 mg, 23 mmol) was added. The reaction mixture 

20 was stirred one hour at room temperature and then was evaporated to dryness. 
The red residue was dissolved in CH2CI2 and water, and the aqueous layer was 
further extracted with CH 2 CI 2 (3 x 80 ml). The combined organic phase was 
washed with brine, dried (Na 2 S04) and decanted. The product (4.39 g, 87%), 
which was isolated by flash chromatography (20%hexane/CH 2 CI 2 , changing to 

25 CH 2 CI 2 ), was used direct in the next step. 

SteP B: 8.11-Dichlor o-5.11-dihydrofnbenzothiepinof4.3-b)pyridinPi 
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8-Chloro-5,11-dihydro[1]benzothiepino[4,3-b]pyridin-11-ol (164 mg, 
0.62 mmol) was combined with CH 2 CI 2 (5 ml) in a flame-dried round-bottom 
flask, and the mixture was cooled to 0°C in an ice-bath. SOCI 2 (0.06 ml, 0.81 
mmol) was added by syringe, and a yellow suspension formed. The reaction 
mixture was stirred for two hours at room temperature. NaOH (-20 ml, 2.5M) 
was added by pipette, and the mixture was stirred vigorously for 10 minutes. 
The layers were separated, and the aqueous layer was further extracted with 
CH 2 CI 2 (3 x 20 ml). The combined organic phase was washed with brine, dried 
(Na 2 S0 4 ), decanted and concentrated to afford a crude product, 175 mg, which 
was shown by NMR to be about 82% 8,1 1-dichloride (145 mg) and about 12% 
11 -ol (starting material and was used direct in the next step. 

Ste P C: 1 -(8-Chloro-5. 1 1 -dihvdrn-f 1 1benzothiP P i nor4.3-b|p V ridin-1 1 -vh- 

pjperazine 




A slurry of S.n-dichloro-S.H-dihydro-IIJbenzothiepinof^a-blpyridine 
(3.79 g, 13.43 mmol) in THF (25 ml) was added dropwise to piperazine (3.53 g, 
1 57 mmol) in THF (50 ml) over 45 minutes. The mixture was stirred at room 
temperature for 5 hours and the reaction was then quenched with the slow 
addition of NaOH (200 ml, 2.5N) and extracted with CH 2 CI 2 (400 ml and 
4 x 100 ml). The combined organic layers were washed with brine, dried 
(Na 2 S0 4 ), decanted and concentrated; the crude product was purified by flash 
chromatography (10%acetone/CH 2 CI 2 to 10%MeOH/CH 2 CI 2 /NH 4 OH) and 
obtained as a white solid (4.08 g, 91%); MS (FAB, M+H) = 332; found: C, 
61.73; H, .5.60; N, 12.40; d 7H1 8 CIN 3 S requires: C, 61.53; H, 5.47; N, 12.66. 
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PREPARATION 7: 4-( B-Chloro-5.1 1-dihvdrofnbenzothiepinor4.3-blDvridin-11- 
ylidene)-piperidine-6.6-dioxide 

Step A; 4-(8-Chloro -5.1 1-dihydrombenzothieDinof4.3-blDvridin-1 1- 

vlideneV1-ethoxvcarbon vl-DiDeridine.6.6-diQxide 




I 

C0 2 Et 

To 4-(8-chloro-5,1 1-dihydro[1]benzothiepino[4,3-b]pyridin-1 1-ylidene)- 
1-ethoxycarbonyl-piperidine (215 mg) in CH2CI2 (3 ml) was added a solution of 
0.5N methanesulfonic acid in CH2CI2 (3 ml), and the mixture was cooled to 0°C. 
After 10 minutes, 3-chloroperbenzoic acid (380 mg) was added. After 30 
minutes, the mixture was warmed to room temperature and further 3-chloro- 
perbenzoic acid (50 mg) was added. After a further 45 minutes, the mixture was 
poured into saturated Na 2 CC>3 and extracted with CH2CI2. The CH 2 CI 2 solution 
was washed with brine, dried (MgSCXO, filtered, and concentrated. The product 
was chromatographed on silica gel (EtOAc) to afford a white fluffy solid (171 mg, 
73%); found: C, 57.00; H, 4.84; N, 6.24; CI, 8.90; S, 6.94; calcd. for 
C21H21CIN2O4S.5H2O: C, 57.14; H.4.76; N.6.35; CI, 8.19; S.7.25. 
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$ te P B; 4-(8-Chlnro -5.1 1-dihydron)benzothiepinof4 3-hlpyridin-l 1- 



vlidenel-pip eridine-6.6-dioxidft 




4-(8-Chloro-5,1 1 -dihydro[1]benzothiepino[4,3-b]pyridin-1 1 -ylidene)- 
5 1-ethoxycarbonyl-piperidine-6,6-dioxide (1.25 g, 2.89 mmols) and KOH (4 g) 
were dissolved in ethanol (25 ml) and water (15 ml), and the mixture was heated 
for 8 hours at 100°C and then at 80°C overnight. The mixture was cooled to 
room temperature; the ethanol was evaporated off and acid was added to the 
residual mixture to pH -9. The liquid was extracted with CH2CI2 (6 x 75 ml) and 
10 with CHCI3 (3 x 50 ml), and the combined extracts were washed with brine, 
dried (MgS04), filtered and concentrated. The product was chromatographed 
on silica gel using 10%MeOH/CH 2 CI 2 initially, changing to 10%MeOH/CH 2 CI 2 
containing 2% NH 4 OH, to afford 989 mg (95%) of an off-white foam; MS (CI, 
M+H) = 361. 

15 PREPARATION 8: B-Chloro-5.1 1-dihyri rorilben2othifiDinor4.3-h]p y ri^ n -i f - 
one-6-oxide 



A solution of 8-chloro-5,11-dihydro[1]benzothiepino[4,3-b]pyridin-11-one 
(250 mg) in acetic acid (5 ml) was stirred for 5 minutes. NaB0 3 (105 mg) was 
20 added and the mixture was stirred for 7 hours. The reaction was quenched with 
5% NaOH and extracted with CH 2 CI 2 , and the xtracts were washed with brine, 
dried (MgS04), filtered and concentrated to afford a tan solid (270 mg). This 



O 
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was chromatographed on silica to afford the crude sulfoxide (250 mg) as a tan 
solid containing some starting material; MS (CI, M+H) = 278. 

PREPARATION 9: 4-( 8-Chloro-5. 1 1 -dihvdro-5S-riimethvl-f 1 Jhpnyn- 
thiepinor4.3-blPvridin-11-vlideneVni peridine-6.6-d»nYirie 

5 Step A: 8-Chloro-5. 11 -dihvdrof1jh Qnzothie D inor4.3-b1pYririin-1 j-one-fi fi. 



8-Chloro-5, 1 1 -dihydro[1 ]benzothiepino[4,3-b]pyridin-1 1 -one-6-oxide 
(150 mg, 0.541 mmol) was dissolved in acetic acid (10 ml) and the solution was 

1 0 stirred 10 minutes. NaB0 3 (400 mg in 10 ml HOAc) was added and the mixture 
was stirred for 36 hours. The reaction was quenched with saturated Na2CC>3 
and extracted with CH 2 CI 2 (5 x 50 ml), and the extracts were washed with brine, 
dried (MgSO,*), filtered and concentrated. The residue was chromatographed 
on silica in 3%MeOH/CH 2 CI 2 and eluted with 5%MeOH/CH 2 CI 2 to afford the 

1 5 sulfone (120 mg, 76%) as a white solid; MS (CI, M+H) = 294. 

Step Pi 8-Chloro-5.11-dihvdro-S. 5-dimethyl-rnbenzothiepinor4.3.b)pyririin- 

11-one-6.6-dioxidfi 



8-Chloro-5,11-dihydro[1]benzothiepino[4,3-b]pyridin-11-one-6,6.dioxide 



20 (475 mg, 1 .62 mmol) in DMF (5 ml) was added dropwise at room temperature to 
a mixture of NaH (150 mg, 7.81 mmol) and DMF (12 ml) under N 2 . The resulting 
mixtur was stirred at room temperature for 1 hour and then cooled to 0 8 C. 
Methyl iodide (0.40 ml) was added, and then after 90 minutes further methyl 



dioxide 





CH 3 0 
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iodide (0.40 ml) was added. The reaction mixture was stirred at room 
temperature overnight. The reaction was then quenched with MeOH, most of the 
DMF was evaporated off, and the residue was diluted with water and extracted 
with methylene chloride (5 x 50 ml). The combined organic layers were washed 
with brine, dried (MgS04), filtered and concentrated. The residue was 
chromatographed on silica, eluting with 30%acetone/hexane, to afford 8-chloro- 
5, 1 1 -dihydro-5,5-dimethyl-[1 ]benzothiepino[4,3-b]pyridin-1 1 -one-6,6-dioxide 
(365 mg ( 70%) as a light tan solid, m.p. 189-1 91 °C; MS (FAB, M+H) = 322; 
anal.: found: C, 55.99; H, 3.76; N, 4.35; S, 9.96; CI, 11.02; C 16 H 12 CIN03S 
requires: C, 55.88; H,3.85; N.4.37; S, 9.68; CI, 11.36. 

Step Q: 8-Chloro-5.1 1-dihvdro-1 1- hvdroxv-5.5-dimethv411bfin7n- 

thiepino[4.3-b1pvridin-6.6-dioxide 



8-Chloro-5, 1 1 -dihydro-5,5-dimethyl-[1 ]benzothiepino[4,3-b]pyridin-1 1 - 
one-6,6-dioxide (3.5 g, 0.109 mol) was dissolved in THF (140 ml), the solution 
was cooled to 0°C, and lithium aluminum hydride (350 mg, 9.22 mmol) was 
added in portions over 10 minutes. After 25 minutes, the reaction was quenched 
with MeOH/water (75 ml, 5:1), and the solvents were evaporated off. The 
residual material was diluted with water and NH4CI solution and extracted with 
EtOAc/THF (40:1). The organic extracts were washed with brine, dried (MgSOi*), 
filtered and concentrated to afford a light yellow solid (3.1 g, crude). 
Chromatography of this solid on silica in 10%EtOAc/CH2Cl2 gave the pure 
alcohol (2.9 g, 82%) as a light yellow solid; MS (FAB, M+H) = 324. 
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^ e P D: 8-Chloro-5.11-dihvdro.fi fi.rii methvl-11-M-methvl-DiDRririinvliriBno). 

rnben20thieDinof4.3-h] pvridine-6.6-dioxirifl 




I 

CH 3 

4-(8-Chloro-5,11-dihydro-5,5-dimethyl-11-hydroxy-[1]ben2othiepino[4,3- 
5 b]pyridin-1 1-yl)-1-methyl-piperidine-6,6-dioxide (75 mg, 0.18 mmol) was 

dissolved in benzene, and Burgess reagent (methoxycarbonylsulfamoyltriethyl- 
ammonium hydroxide, 80 mg, 0.34 mmol) was then added. The mixture was 
heated to 70°C for about 45 minutes and cooled to room temperature. Water 
and ammonium chloride solution were added, and the mixture was extracted 
1 0 with ethyl acetate. The extract was washed with brine, dried (MgS0 4 ), filtered 
and concentrated; the product was chromatographed on silica gel to afford a 
light yellow solid, 4-(8-chloro-5,11-dihydro-5,5-dimethyK1]benzothiepino[4,3- 
b]pyridin-11-ylidene)-1-methyl-piperidine-6,6-dioxide; MS (CI, M+H) = 403. 

StepE: 4-f8-Chloro-5.11-dihvdro- 5.5-dim6thyl-fnbenzothiBpinn[4 l ^. 

15 b1pvridin-11-vlidene)-1-ethoxv-carbonv l-DiDeridinft-fifi-^j nyirift 




I 

C0 2 Et 
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4-(8-Chioro-5,11-dihyd^ 
ylidene)-1-methylpiperidine-6,6-dioxide (525 mg, 1.30 mmol) was dissolved in 
toluene (30 ml) at room temperature, and ethyl chloroformate (4 ml) and 
triethylamine (1 ml) were added. The reaction mixture was heated at 90°C for 
5 90 minQtes and then cooled to room temperature; 5% NaOH (75 ml) was added, 
and the mixture was extracted with EtOAc (5 x 75 ml). The combined extracts 
were washed with brine, dried (MgSO^, filtered and concentrated. The residue 
was chromatographed on silica (60%EtOAc/hexane, increasing to 100% EtOAc; 
then 5%MeOH/EtOAc) to afford an amber amorphous solid (313 mg, 52%); 
10 MS(CI, M+H)=461. 

Step F: 4-f8-Chloro-5.11-dihvdro-5 ,5-dimethvl-[11benzothiepinQ[4.a- 

b |pvridin-1 1 -ylideneVpiperidine-6.6-dioxide 




4-(8-Chloro-5,11-dihydro-5,5-dimethyK1]benzothiepino[4 t 3-b]pyridin-11- 
15 ylidene)-1-ethoxycarbonyl-piperidine-6,6-dioxide (300 mg, 0.65 mmol) was 
dissolved in a KOH solution (25 ml of a solution prepared from 5 g KOH, 20 ml 
water, and 25 ml ethanol) and the mixture was refluxed 6 hours. The mixture 
was cooled to room temperature and the solvents were evaporated off. The 
residue was diluted with water and with 1N HCI to pH -11 and extracted with 
20 CH2CI2, and the extracts were washed with brine, dried (MgS04) filtered and 
concentrated to afford a crude product (220 mg). 100 mg of this product were 
purified on silica gel to afford the purified product, 62 mg; m.p. 178.5-182.5. 
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PREPARATION 10: 1-(8-Chloro-5,1 1-dihvdro-f11benzothifipinnf4 3. 

b ]pyridin-1 1 -vh-Diperazine-6-oxide 




1 -(8-Chloro-5, 1 1 -dihydro-[1 ]benzothiepino[4,3-b]pyridin-1 1 -yl)-piperazine 
5 (500 mg, 1.51 mmol) was combined with anhydrous CH2CI2 in a flame-dried 
flask, purged with nitrogen. The mixture was cooled to -42°C in dry- 
ice/acetonitriie. 3-Chloroperbenzoic acid (759 mg, 3.52 mmol) was added, and 
the golden-brown mixture was stirred 70 minutes at -42°C. The reaction was 
quenched with 2.5M NaOH and the mixture allowed to warm to room 

1 0 temperature. More CH2CI2 and 2.5M NaOH were added, and the layers were 
shaken and separated; the aqueous phase was extracted with CH2CI2 (4 x 30 
ml). The combined extracts were washed with brine, dried (Na2S04), decanted 
and concentrated. The product was isolated by flash chromatography and 
eluted with 10%MeOH/CH 2 CI 2 and then with 10%MeOH/CH 2 CI 2 /NH 4 OH; 

15 315 mg (60%) of 1-(8-chloro-5,11-dihydro-[1]benzothiepino[4,3-b]pyridin-11-yl)- 
piperazine-6-oxide. 

PREPARATION 11; 8-Chloro-6. 1 1 -dihvdro-6-methvl-5H-pvrido[3.P- 

cin 1benzazepin-1 1 -yl-pip erazine 

Step A; 2-Cvano-3-fN-methvl-3- chloroDhenvlaminomethynDvridine 



CH 3 




N-Methyl-3-chloroaniline (45 ml) and 2-cyano-3-chloromethylpyridine 
(37.6 g of a sample 62% pure, i.e., 23.4 g) were heated neat at 80-90°C for 
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3 hours. The product was chromatographed on silica gel in hexane:CH2CI 2 1:1. 
Three separate portions were collected; 13.9 g, 12.0 g, and 34.0 g, all of which 
were identified as the desired product. (During collection of the third portion, 
material seemed to solidify at the top of the column and interrupt flow; this part 
was scraped out and then the flow resumed.) 

The 2-cyano-3-chloromethylpyridine was prepared by chlorination of 
2-cyano-3-methylpyridine in chlorobenzene with benzoylperoxide by gradual 
addition of SO2CI2 at 80°C. 2-Cyano-3-chtoromethylpyridine was obtained in 
60-65% conversion. The main impurities are 2-cyano-3-dichloromethylpyridine 
and unreacted 2-cyano-3-methylpyridine, which do not cause problems in the 
process of this Preparation. 

SteoBi Q-Chloro-ejI-dihvdro-S-methvl-SH-pvrido ^^^irnbfin^rp ptnp, 

1 1-one and 10-chloro-6.11-dihvdro- 6-methvl-5H-pvridor3.2-c1[nben2a2epin^ 
11 -one 




First Method 

TiCI 4 (16.38 g, 9.5 ml t 86.3 mmol) was added by syringe to 2-cyano-3- 
(N-methyl-3-chlorophenylaminomethyl)pyridine (11.12 g, 43.2 mmol) at 20°C, 
and the mixture was quickly heated to 100°C and maintained there for 4 hours. 
A clear supernatant was decanted; the tar-like residue was acidified with 4N 
HCI and heated at 100°C and was then stirred over the week-end at room 
temperature. The mixture was then basified with 4N NaOH to pH 9 and 
extracted once with EtOAc, then with CH 2 CI 2 (4 x) (NaCI being added to assist 
separation of phases), and finally again with EtOAc. The combined organic 
phases were evaporated to a residue, which was chromatographed on silica gel 
in CH2Cl2/EtOAc (95:5). After starting material (1 .58 g) had been eluted, the 
10-chloro isomer (3.37 g f 90% pure) was eluted, and finally the pure 8-chloro 
isomer (4.5 g). These were recrystallized from CH 2 CI 2 /Et 2 0; the following 
results were obtained: 
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10 



15 



20 



10-Chloro isomer m.p. 118.5-121.5°C; found: 0,64.93; H, 4.41; 
N, 10.70; 01,13.96; calcd. for Ci4HnCIN 2 0: C, 65.00; H.4.29; N, 10.83; 
CI, 13.70. 

8-ChIoro isomer m.p. 187-1 92°C; found: 0,65.46; H.4.47; N, 10.83; 
01,13.57; calcd. for C14H11CIN2O: 0,65.00; H.4.29; N, 10.83; 01,13.70. 

Second Method 

2-Cyano-3-(N"methyl-3-chlorophenylaminomethyl)pyridine (13.35 g) was 
ground in a pestle and mortar and dried overnight at 50°C under vacuum. It was 
stirred with AICI3 (25.33 g) at room temperature; then the mixture was heated at 
170-175°C with stirring for 10 minutes. The crude product (12.58 g) was 
carefully dissolved in 1N HCI, first with cooling in ice and finally with heating at 
70-80°C for 75 minutes. The mixture was then basified and extracted with 
CH2CI2. The product was chromatographed on silica gel in CH2CI2 and eluted 
with CH 2 Cl2/EtOAc (95:5, 92:8, 9:1, and 8:2), and finally with CH 2 Cl2/MeOH 
(95:5 and 9:1). Early fractions (2.26 g) comprised the 10-chloro isomer; middle 
fractions (2.23 g) comprised a mixture of 8-chloro and 10-chloro isomers; and 
late fractions (6.37 g) comprised the 8-chloro isomer. 

Step C: 8 -Chloro-6.1 l-dihvdro-e-methvl-SH-pvridors^-cirilbenzazepin-l 1-ol 



S-Chloro-e.n-dihydro-e-methyl-SH-pyridop^-clIIJbenzazepine-ll-one 
(5.9 g) was dissolved with stirring in a mixture of CH2CI2 and MeOH (60 ml, 
1:4 v/v), and NaBhU (1.5 g) was added portionwise. After about 3 hours at room 
temperature, the solution was evaporated and the residue was partitioned 
between water and CH2CI2. The layers were separated, and the aqueous layer 
was back-extracted with CH2CI2 (2 x 20 ml). The combined organic layers were 
dried (Na2S04), filtered and evaporated. The crude product was chromato- 
graphed on silica gel in hexane and eluted with hexane/EtOAc (7:3) to afford the 
title compound, 5.58 g (m.p. 112-1 14°C); found: C f 65.12; H, 5.03; N, 10.74; 
calcd. for Ci4H 13 CIN20: 0,64.50; H, 5.03; N, 10.74. 
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8-Chloro-6.1 1 -dihvdm.fi-m fl th v |.5H.pvridnra ,2-clM 1hfinrayp pi p. 

11-vl-piperazine 




1 1 -Hydroxy-8-chloro-6, 1 1 -dihydro-6-methyl-5H-pyrido[3,2-c][1]benz- 
azepine (1.5 g, 5.77 mmol) and 4-dimethylaminopyridine (224 mg) were 
dissolved in pyridine (17 ml) at -4°C, and mesyl chloride (793 mg, 0.532 ml, 
6.92 mmol, 1.2 equivalents) was added. More mesyl chloride (80 ul) was then 
added, and still more mesyl chloride (50 uJ) after a further 1.5 hours. The 
reaction mixture was then added to a finely divided suspension of piperazine 
(2.5 g) in THF (17 ml) at room temperature, and the mixture was stirred 
overnight. The reaction mixture was then evaporated to a residue, and toluene 
(30 ml, twice) was added, and the solution was each time evaporated to a 
residue. The residue was then dissolved in CH 2 CI 2 and washed with water; the 
washings were back-extracted with CH 2 CI 2 . The combined CH 2 CI 2 extracts 
were dried (Na 2 S0 4 ), filtered and concentrated. The resulting dark syrup 
(2.53 g) was chromatographed on silica gel in CH 2 CI 2 and eluted with 
CH 2 CI 2 /MeOH (97:3, then 93:7) and with CH 2 CI 2 /MeOH/NH 4 OH (9:1:0.05, 
increasing to 9:1 :0.2). A fraction of 1 .07 g was obtained and triturated with Et 2 0 
and filtered; yield 545 mg. A sample (100 mg) was dissolved in Et 2 0, filtered 
and concentrated to 25 ml and left to stand 3 days at 4°C; hexane was then 
added to turbidity and the mixture was left overnight at 4°C. A precipitate was 
filtered off, and the solution was concentrated and afforded a white solid. 
HRMS, FAB, calcd. 329.1526; found 329.1533. 
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EXAMPLE 1: 4-(8-Chloro-5 .1 1-dihvdroMlbenzoxepinnr4.3-blDvridin-1 1- 

vh-1-f4-Dvridine-acetvl^p iperazine NLoxide 




XO 



0~ 



1-(8-Chloro-5,11-dihydro[1]benzoxepino[4,3-b]pyridin-11-yl)-piperazine 
(420 mg, 1.33 mmol), 4-pyridineacetic acid 1 -oxide (280 mg, 2.07 mmol), HOBT 
(290 mg, 2.14 mmol), and EDCI (470 mg, 2.45 mmol) were stirred at 0°C in DMF 
(5 ml, anhydrous). NMM (0.5 ml, 4.53 mmol) was added, and the reaction 
mixture was stirred overnight at 20°C. The solvent was evaporated off, and the 
residue was extracted with methylene chloride (200 ml) and water (100 nil). The 
organic layer was separated and dried (MgSCU), filtered and evaporated, 
yielding an oil which was chromatographed on silica gel and eluted with 
20%methanol/ethylacetate containing 2% ammonium hydroxide. The product 
was obtained as a light yellow solid, 4-(8-chloro-5,11-dihydro[1]benz- 
oxepino[4,3-b]pyridin-1 1-yl)-1-(4-pyridine-acetyl)-piperazine N1-oxide. MS 
(FAB, M+H)=451. 

EXAMPLE 2: Mathv l f4-f8-chloro.5.11-dihvdronibQnzoxepinof4,3- 

b)pyrid in-1 1 -vlidene V N-cvano- 1 -piperidinecarboxim idoth ioate 




N 



N 



X 



SCH 3 



CN 
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4-(8-Chloro-5, 1 1 -dihydro[1 ]benzoxepino[4,3-b]pyridin-1 1 -ylidene)- 
piperidine (4.2 g, 13.5 mmol) and (MeS)2C=NCN (4 g, 90%, 24.6 mmol) were 
dissolved in EtOH (UPS, 100 ml) at room temperature. The mixture was refiuxed 
for 15 hours and then cooled, and the ethanol was evaporated off. The residue 
was chromatographed on silica and eluted with 30%EtOAc/hexanes to afford 
4.2 g (76%) of a white solid, methyl [4-(8-chloro-5,1 1-dihydro[1]benz- 

oxepino[4,3-b]pyridin-11-ylidene)-N-cyano-1-piperidinecarboximidothioate; MS 
(CI, M+H) = 411.0; Found: C, 60.27; H.4.84; N, 12.88; C2iH 19 CIN 4 OS.2H20 
requires C, 60.06; H, 4.80; N, 13.34. 

EXAMPLE 3; 4-f8-Chloro-S.1 1 -dihvdrnril benzoxepinnf4.3-b]pyrirfin.1 1 ■ 

V|idene)-N-cvano-N'-f4-Dvridinvlmet hvh-1-piperidine-carboximidamirifl 



The product from Example 2 (1.2 g, 2.92 mmol) was stirred with 
4-aminomethylpyridine (about 10 ml) at 100°C for 1 hour. The reaction mixture 
was cooled and diluted with water (50 ml) and EtOAc (100 ml). The product 
crystallized and was allowed to stand overnight and then filtered off, washed 
with EtOAc (2x10 ml) and ether (2 x 50 ml); 1 .2 g (96%), and dried: 4-(8- 
chloro-5, 1 1 -dihydro[1 ]benzoxepino[4,3-b]pyridin-1 1 -ylidene)-N-cyano-N'-(4- 
pyridinylmethyl)-1-piperidine-carboximidamide; MS (CI, M+H) = 471. 




WO 98/15556 



PCT/US97/17314 



-42 - 

EXAMPLE 4: 4-(3-Bromo -8-chtoro-5.1 1-dihvdrof1lbenzoxfipinnf43- 

b1pvridin-1 l-vlideneM- M-Dvridine-acetvllpiperidine NH-nxirip 




4-(3-Bromo-8-chloro-5,1 1 -dihydro[1 ]benzoxepino[4,3-b]pyridin-1 1 - 
5 ylidene)-piperidine (270 mg, 0.68 mmol), 4-pyridine-acetic acid 1-oxide (260 
mg, 1 .69 mmol), HOBT (200 mg, 1.48 mmol), and EDCI (320 mg, 1.67 mmol) 
were mixed and stirred at 0°C in DMF (10 ml, anhydrous). NMM (0.5 ml, 4.53 
mmol) was added, and the reaction mixture was stirred 2 hours at 0°C and then 
overnight at 20°C. The solvent was evaporated off, water (20 ml) was added, 

1 0 and the mixture was extracted with methylene chloride (3 x 50 ml) and the 
extract was dried (MgS04), filtered and evaporated, yielding a crude product 
which was chromatographed on silica gel and eluted with 
12%ethylacetate/hexanes containing 2% ammonium hydroxide. The product 
was recrystallized from ether to afford a white powder, 4-(3-bromo-8-chloro- 

1 5 5,1 1-dihydro[1]benz-oxepino[4,3-b]pyridin-1 1-ylidene)-1-(4-pyridine- 
acetyl)piperidine N 1-oxide (260 mg, 72%); MS (FAB, M+H) = 526. 

EXAMPLE 5; 4-m-Chloro-5.1 1.dihvdmf1 lbenz-oxepinor4.3-b]pyririi n .1 1- 

vlidene)-1-(4-pyri dine-acetynpiperidine 
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The title compound was prepared according to the method of Example 4 
from 4-(8-chloro-5,1 1-dihydro[1]benzoxepino[4,3-b]pyridin-1 1-ylidene)- 
piperidine, 4-pyridine-acetic acid hydrochloride, HOBT, EDCI and NMM in DMF. 

4-(8-Chloro-5J1-dihydro[1]benz-oxepino[4,3-b]pyridin-11-ylidene)-1-(4- 
5 pyridine-acetyl)piperidine was obtained as a white foam; MS (CI, M+H) = 432; 
anal.: found: C, 68.71; H, 5.44; N,9.44; C25H22CIN3O2 requires: C f 69.52; 
H, 5.13; N,9.73. 

EXAMP15 fr 4-(8-Chloro-5.1 1-dihvdrornbenz-oxeDinor4.3-blDvridin-1 1- 

vlideneV1-f3-Dvridine-acetvnpiperidine 



10 




The title compound was prepared according to the method of Example 4 
from 4-(8-chloro-5,1 1-dihydro[1]benzoxepino[4,3-b]pyridin-1 1-ylidene)- 
piperidine, 3-pyridine-acetic acid hydrochloride, HOBT, EDCI and NMM in DMF. 
4-(8-Chloro-5, 1 1 -dihydro[1 ]benz-oxepino[4,3-b]pyridin-1 1 -ylidene)-1 -(3- 
15 pyridine-acetyl)piperidine was obtained as a white foam; MS (CI, M+H) = 432; 
anal.: found: C, 68.85; H, 5.53; N, 9.49; C25H22CIN3O2 requires: C, 69.52; 
H,5.13; N,9.73. 

EXAMPLE 7A: 4-(9-Brom o-8-chloro-5.1 1-dihvdrornbenzoxepino[4.a- 
blpvridin-1 1-yliHp ne^1-/4-pvridine-acetvnpiDeridine N1-oxide 



20 
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4-(9-Bromo-8-chloro-5, 1 1 -dihydroll ]benzoxepino[4,3-b]pyridin-1 1 - 
ylidene)-piperidine (130 mg, 0.33 mmol), 4-pyridine-acetic acid 1-oxide (130 
mg, 0.85 mmol), HOBT (120 mg, 0.89 mmol), and EDCI (160 mg, 0.83 mmol) 
were stirred at 0°C in DMF (5 ml, anhydrous). N-Methyl-morpholine (0.5 ml, 
5 4.53 mmol) was added, and the reaction mixture was stirred overnight at 20°C. 
The solvent was evaporated off, and the residue was extracted with methylene 
chloride (2 x 100 ml) and water (30 ml). The organic layer was separated and 
dried (MgS0 4 ), filtered and evaporated, yielding an oil which was chromato- 
graphed on silica gel and eluted with 15%methanol/ethylacetate containing 2% 
1 0 ammonium hydroxide. The product was obtained as a white solid, 4-(9-bromo- 
8-chloro-5,1 1-dihydro[1]benzoxepino[4,3-b]pyridin-1 1-ylidene)-1 -(4-pyridine- 
acetyl)piperidine N 1-oxide (170 mg, 98%). MS (FAB, M+H) = 526. 

EXAMPLE 7B: 4-f8-Chloro-5.11-dihv/rim rnbenzoxapinor4.3-b1pyriHin-H- 

vlideneM-M-pyririi ne-acetynpiperidine NI-nxiriA 



15 




4-(8-Chloro-5,11-dihydro[1]benzoxepino[4,3-b]pyridin-11-ylidene)-1-(4- 
pyridine-acetyl)piperidine N 1-oxide was prepared similarly from 4-(8-chloro- 
5,1 1-dihydro[1]benzoxepino[4,3-b]pyridin-1 1-ylidene)-piperidine and 4-pyridine- 
acetic acid 1-oxide. 
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EXAMPLE 8: 4-fB-Chloro-5.1 1-dihvdrn -mbenzothiaDinof4.3-h|pyririin.1 1- 

vh-1W4-pvridinvl-acetyl) piDerazine 




DEC (464 mg, 2.42 mmol), HOBT (327 mg, 2.42 mmol), and 4-pyridine- 
5 acetic acid (332 mg, 2.42 mmol) were added to 1 -(8-chloro-5, 1 1 -dihydro- 

[1]ben2othiepino[4,3-b]pyridin-11-yl)-piperazine (400 mg, 1.21 mmol) and NMM 
(5.3 ml) in DMF (8 ml), and the mixture was stirred at room temperature for 
19 hours. Water (30 ml) and EtOAc (50 ml) were added, and the layers were 
mixed and separated. The aqueous layer was extracted with EtOAc (3 x 40 ml). 

10 The aqueous layer was basified with saturated NaHCC-3 and was extracted with 
CH2CI2 (2 x 20 ml). The organic layers were combined, washed with brine, 
dried (Na2S04), decanted and concentrated; the crude product (659 mg) was 
purified by flash chromatography (30%acetone/CH 2 Cl2 to 5%MeOH/CH 2 CI 2 ) 
and obtained as a white solid (344 mg, 63%); MS (FAB, M+H) = 451; HRMS: 

15 calc: 451.1359; found: 451.1355. 

EXAMPLE 9A: 4-f8-Chloro- 5.1 1-dihydrn-mben2othiepinor4.3-h]pyririin.1 1- 

vlV1 -M-pyridina-a cetyhpiperazine N1 -oxiriP 




20 



The title compound (531 mg, 93%) was prepared similarly from 
1-(8-chloro-5,1 1-dihydro-[1]benzothiepino[4,3-b]pyridin-1 1 -yl)-piperazine (400 
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mg, 1.21 mmol) and 4-pyridine-acetic acid 1-oxide (371 mg, 2.42 mmol); MS 
(FAB, M+H) = 467.1; HRMS: calc: 467.1309; found: 467.1300. 

5XAMPIE 9B: 4-(8-Chloro-5.1 1-dihvdro-[1] benzothiepinor4.3-blDvridin-11- 

ylideneV1^4-pyridine-acetyl)piperidine Ni -oxide 



The title compound (369 mg, 95%) was prepared similarly from 
1 -(8-chloro-5, 1 1 -dihydro-[1 ]benzothiepino[4, 3-b]pyridin-1 1 -ylidene)-piperidine 
(275 mg) and 4-pyridine-acetic acid 1-oxide (25 mg); HRMS: calc: 464.1200; 
found: 464.1193. 

10 EXAMPLE 10: 4-(8-Chloro-5.1 1-dihvdro-nibenzothiepinor4.3-b1pyridin-1 1- 
vn-1-(1-methvl-4-Diperidine-ace tvhpiperazine 

f— S. 



The title compound (547 mg, 96%) was prepared similarly from (8-chloro- 
5,1 1-dihydro-[1]benzothiepino[4,3-b]pyridin-1 1 -yl)-piperazine (400 mg, 
15 1.21 mmol) and 1-methyl-4-piperidine-acetic acid (380 mg, 2.42 mmol); found: 
CI, 7.73; C25H31CIN4OS requires: CI, 7.53; MS (FAB, M+H) = 471.1. 



5 





WO 98/15556 



PCT/US97/17314 



-47 - 



EXAMPLE 11 A: 1 .1-DimQthvlethvl 4-f2-r4- m-chloro-5.11 -dihvdro-Mlbanyn- 

thiepinor4.3-blpyridin-1 1 -vlM-pipe razinvM2-oxoethvll-1 -piperidinecarboxy late 



The title compound (563 mg) was prepared similarly from 1-(8-chloro- 
5, 1 1 -dihydro-[1 Jbenzothiepino[4,3-b]pyridin-1 1 -yl)-pipera2ine (400 mg, 
1.21 mmol) and 1-(1,1-dimethylethoxycarbonyl)-4-piperidine-acetic acid 
(589 mg, 2.42 mmol); MS (CI, M+H) = 557; HRMS: calc: 557.2353; found: 
557.2351. 

EXAMPLE 1 1 B: 1.1 -D imethvlethvl 4-f2-f4-f 8-chloro-5. 1 1 -dihydro-M Ibenzo- 
thiepinor4.3-b1pyridin-1 1 -vlideneVI -Diperidinyn2-oxoethyl1-1 -piperidine- 
carboxvlate 



The title compound was prepared similarly from 1-(8-chloro-5,11-dihydro- 
[1]benzothiepino[4,3-b]pyridin-1 1-ylidene)-piperidine and 1-(1 ,1-dimethyl- 
ethoxycarbonyl)-4-piperidine-aceticacid; HRMS: calc: 554.2244; found: 
554.2245. 




S, 




S. 
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EXAMPLE 12A: 4-f 8-Chloro-5.1 1-dihvdro-ri1benzothiepinof4.3-blDvridin-1 1- 
Vh-1-(4-piperidinyl-acetvnpiDera2ine 



1 ,1 -Dimethylethyl 4-[2-[4-(8-chloro-5,1 1 -dihydro-[1 ]benzothiepino[4,3- 
5 b]pyridin-1 1 -yl)-1 -piperazinyl]2-oxoethyl]-1 -piperidinecarboxylate (240 mg, 
0.431 mmol) was combined with CH 2 CI 2 (2.5 ml) in a 10 ml flask, and the 
mixture was cooled to 0°C. Trifluoroacetic acid (TFA) (1.9 ml) was added 
through a syringe, and the reaction mixture was stirred at room temperature for 
1 .5 hours. The reaction was then quenched with the addition of 2.5 M NaOH to 

10 pH 12, and more water and CH2CI2 were added. The layers were shaken and 
separated, and the aqueous layer was extracted with more CH2CI2 (4 x 30 ml). 
The combined organic phases were washed with brine, dried (Na 2 S0 4 ), 
decanted and concentrated. The crude residue (200 mg) was purified by flash 
chromatography (10%MeOH/CH 2 CI 2 to 10%MeOH/CH 2 Cl2/NH 4 OH) and the 

1 5 pure product was obtained (1 86 mg), MS (FAB, M+H) = 457.2. 

EXAMPLE 1gP; 4-(8-Chloro- 5.11-dihvdrn.rnbenzothie P inor4.3-b1pvririin.1 1- 

vlideneM-f4-piperidine-acetvnpiperidine 

/— S 
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1 ,1-Dimethylethyl 4-[2-[4-(8-chloro-5,1 1-dihydro-[1]benzothiepino[4,3- 
b]pyridin-1 1-ylidene)-1-piperidinyl]2-oxoethyl]-1-piperidinecarboxylate (150 mg) 
in CH2CI2 (10 ml) and trifluoroacetic acid (2 ml, in CH2CI2, 10 ml) were mixed 
and allowed to stand at 0°C. After 30 minutes, the mixture was warmed to room 
temperature, and further trifluoroacetic acid (200 u.l) was added. The mixture 
was left at room temperature for 30 minutes and evaporated to dryness, and the 
residue was dissolved in 5% NaOH and EtOAc (25 ml). The aqueous phase 
was washed with further EtOAc (3 x 25 ml); the organic phases were combined, 
washed with brine, dried (MgS04), filtered and concentrated to afford a viscous 
oil. This was triturated with hexane/acetone to afford an off-white foam, 92 mg 
(68%); HRMS: calc: 454.1720; found: 454.1722. 

EXAMPLE 13: 4-f8-Chloro-5.11-dihvrirn.f nben2othiepinor4.3-hlpyririjn.ii- 

vn-1-f3-f2-nitro-phenvh-2-oxoprop qnovl)-4-pipRridine-acetyhDiDera7inp 



The title compound (66%) [m.p. 104-108°C, MS: FAB, M+H = 523] was 
prepared similarly from 1-(8-chloro-5,11-dihydro-[1]benzothiepino[4,3-b]pyridin- 
11-yl)-piperazine (400 mg, 1.21 mmol) and 3-(2-nitrophenyl)-2-oxopropanoic 
acid (506 mg, 2.42 mmol); found: C, 59.57; H.4.78; N, 10.37; CI, 6.75; 
C26H23CIN4O4S requires: C, 59.71; H, 4.43; N, 10.71; CI, 6.78; MS (FAB, 
M+H) = 523. 




S. 
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15 



EXAMPLE 14A: 4-(8-Chloro- 5.1 1 -dihvdm-fl 1benzothiepinof4 3.h) PV riHjp.i 1 . 

vn-1-fM-pvridinvl-thiQ)a cetvl|pipera?inft 



The title compound (548 mg, 94%) [MS (FAB, M+H) = 483.1] was 
prepared similarly from 1-(8-chloro-5,11-dihydro-[1]benzothiepino[4,3-b]pyridin- 
11-yl)-piperazine (400 mg, 1.21 mmol) and (4-pyridinylthio)acetic acid (410 mg, 
2.42 mmol). 

EXAMPLE 14B: 4-rB-Chloro- 5.1 1-dihvdro-rnbenzothieDinor4.a-h]pyrtrii n -i 1- 

vlideneM-r(4-Dvridinvlt hio)acetvnpiperidine 



The title compound (548 mg, 94%) [MS: FAB, M+H = 483.1] was 
prepared by the method of Example 4 from 1-(8-chloro-5,11-dihydro- 
[1]benzothiepino[4,3-b]pyridin-11-ylidene)-piperidine (200 mg) and 
(4-pyridinylthio)acetic acid (200 mg), except that the reaction was allowed to 
proceed for 28 hours and the chromatography was carried out in 
3%MeOH/CH 2 CI 2 , increasing to 5%MeOH/CH 2 CI 2 ; 287 mg product (96%). 




S. 
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EXAMPlg 1§A: 44244-^Chloro-5.11-dihvdro -f11benzothiP P innr4 ,^ 

b1pvridin-1 1-vlV1-pipera2iny[V2-oxoethviyi-piperidinecarboxamide 



4-(8-Chloro-5 f 1 1 -dihydro-[1]benzothiepino[4 ? 3-b]pyridin-1 1 -yl)-1 -(4- 
piperidine-acetyl)piperazine (270 mg, 0.591 mmol) was added to anhydrous 
CH 2 CI 2 (2.7 ml). TMSNCO (320 mg, 0.37 ml, 2.36 mmol) was added by syringe. 
The mixture was stirred at room temperature for 90 hours and then quenched 
with saturated NaHC03. More water and CH2CI2 were added, and the mixture 
was shaken and separated. The aqueous phase was extracted with CH2CI2 
(4 x 20 ml), and the combined organic phases were washed with brine, dried 
(Na2S04), decanted and concentrated. The crude residue was purified by flash 
chromatography (5%MeOH/CH 2 CI 2 to 10%MeOH/CH 2 Cl2/NH 4 OH) and the 
pure product was obtained (295 mg, 66%) MS (FAB, M+H) = 529. 

EXAMPLE 1 5B: 4-r2-r4-(8-Chloro-5.1 1-dihvdro-n]benzothiepinor4 .fl- 
b1pvridin-11-ylidene)-1-piperidinvn-2- oxoethvl]-1-piDeridinecarboxamide 



The title compound was prepared by a similar procedure from 
4-[2-[4-(8-chloro-5, 1 1 -dihydro-[1 ]benzothiepino[4,3-b]pyridin-1 1 -ylidene)-1 - 
piperidinyl]-2-oxoethyl]-piperidin (120 mg, 0.265 mmol) in CH 2 CI 2 (3 ml), to 





S, 
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which TMSNCO (200 ul, 170 mmol) was added at 0°C. After 5 minutes at 0°C, 
the mixture was stirred 3.5 hours at room temperature. The reaction mixture was 
diluted with water and extracted with CH2CI2; the organic phase was washed 
with NaHC03 solution and brine, dried over MgSC>4, filtered and concentrated. 
5 The product was chromatographed on silica in 5%MeOH/CH2Cl2 and eluted 
with 10%MeOH/CH 2 CI 2 to afford a white solid (103 mg); HRMS: calc: 
497.1778; found: 497.1766. 

EXAMPLE 16A; 4-r8-Chloro-5.1 1-dihvdro.f nbenzothiepinor4.3-blDvririin.l 1- 

vH-1 -(4-pyridine-an etvnpiperazine 6.6-dioxide 



10 




1-(8-Chloro-5,11-dihydro-[1]ben2othiepino[4,3-b]pyridin-11-yl)-4-(4- 
pyridine-acetyl)piperazine (300 mg, 0.665 mmol) and methanesulfonic acid 
(5.46 ml of a 0.5 N solution in CH2CI2) were stirred at room temperature for 
15 minutes. 3-Chloroperbenzoic acid (431 mg, 2.0 mmol) was added, and the 
mixture was stirred at room temperature for two hours. The reaction was 
quenched with 2.5 M NaOH to pH 12 and shaken with CH2CI2. The layers were 
separated and the aqueous layer was extracted with more CH2CI2 (5 x 20 ml). 
The combined organic phases were washed with brine, dried (Na2S04), 
decanted and concentrated. The crude residue (318 mg) was purified by flash 
chromatography (20%acetone/CH 2 CI 2 to 50%acetone/CH 2 CI 2 to 
5%MeOH/CH2Cl2) and three fractions (60 mg, 68 mg, and 54 mg) were 
obtained. TLC suggested that the first two were the desired product; these were 
combined and chromatographed to afford the pure product (81 mg); MS (CI, 
M+H) = 483. 



15 



20 
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EXAMPLE 1 6B: 4-f8-Chloro-5.1 1-dihvdro-nibenzothieDinof4.3-hl p yridin-1 1- 
vlideneV1-(4-Dvridine-ac etvhpiperidine 6.6-dioxide 




The title compound was prepared similarly from 4-(8-chloro-5,11-dihydro- 
[1 ]benzothiepino[4,3-b]pyridin-1 1 -ylidene)-1 -(4-pyridine-acetyl)piperidine (45 
mg) and 3-chloroperbenzoic acid (55 mg), except that the reaction temperature 
was raised to 25°C after 30 minutes and a second portion (30 mg) of 3-chloro- 
perbenzoic acid was added after 1 hour at 25°C. Yield: 59 mg; the product 
showed a strong band at 1320 cm" 1 due to S0 2 ; MS (CI, M+H) = 480.0. 

EXAMPLE 17A: 4-( 8-Chloro-5.11-dihvdro-fnbenzothiepinof4.3-b]pvridin-1 1- 
vl)-1-(4-pyridine-acetvnp iperazine N1.6-dioxide [sulfoxide! and the 
corresponding N1.6.6-trioxide fsulfone] 




4-(8-Chloro-5,11-dihydro-[1]benzothiepino[4,3-b]pyridin-11-yl)-1-(4- 
pyridine-acetyl)piperazine N1-oxide (300 mg, 0.642 mmol) in CH2CI2 (5 ml) was 
cooled to 0°C, and methanesulfonic acid (10.28 ml of a 0.5 N solution in 
CH2CI2, 5.14 mmol) was added. The mixture was stirred at 0°C for 20 minutes. 



WO 98/15556 



PCT/US97/17314 



-54 - 



3-Chloroperbenzoic acid (313 mg, 1.45 mmol) was added and the mixture was 
stirred for 35 minutes. The reaction was quenched by the addition of 2.5 M 
NaOH to pH 14. Water and CH 2 CI 2 were added, and the layers were separated. 
The aqueous layer was extracted three times more with CH 2 CI 2 ; the combined 
organic phases were washed with brine, dried (Na 2 S0 4 ), decanted and 
concentrated to a mixture of sulfoxide and sulfone. This mixture (365 mg) was 
subjected to flash chromatography on silica, and afforded two fractions, the 
sulfone (65 mg, 20%) and the sulfoxide (133 mg, 43%); MS of sulfone: FAB 
(M+H) = 499.2; MS of sulfoxide: FAB (M+H) = 483.2. 

EXAMPLE 17B: 4-(8-Chloro- 5.1 1-dihvdro-f1 lbenzothic»pinof4.3-b1pyririin.l 1- 

vn-1-(4-Dvridine-acetvHpi perazine N1 .6.6-trioxidR 



The title compound was prepared similarly from 4-(8-chloro-5,1 1-dihydro- 
[1 ]benzothiepino[4,3-b]pyridin-1 1 -yl)-1 -(4-pyridine-acetyl)piperazine N1 -oxide 
(60 mg) and 3-chloroperbenzoic acid (98 mg), and was obtained in 65% yield, 
42 mg; MS (CI, M+H) = 469. 
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EXAMPIE 18; Methvl 4-f8-chloro-5.1 1-di hvdro-f11hBn?othiepinor4.3- 

b1pvridin-1 1-vh-N-cya no-1 -piperazinecarboximidothioatB 




CN 

1-(8-Chloro-5,11-dihydro-[1]benzothiepino[4,3-b]pyridin-11-yl)-pipera2ine 
(400 mg, 1.21 mrnol) was combined with EtOH (6 ml) in a 25 ml flask, and 
dimethyl N-cyanodithio-iminocarbonate (90%, 216 mg, 1.33 mrnol) was added. 
The reaction mixture was stirred under reflux overnight. Ethanol was distilled off 
from the reaction, and the resulting tar was purified by flash chromatography to 
afford 499 mg (96%) of the desired product: MS (FAB, M+H) = 430.1 . 

EXAMPLE 19: 4-(8-Chloro- 5.1 1-dihvdrombenzothifiDinor4.3-h]pvridin-1 1- 

Vl)-N-cvano-N'-f4-Pvridinvlmethvh-1-DiDera7ine-narboximidamirift 




Methyl 4-(8-chloro-5,1 1-dihydro-[1]benzothiepino[4,3-b]pyridin-1 1-yl)-N- 
cyano-1-piperazinecarboximidothioate (200 mg, 0.465 mrnol) was dissolved in 
acetonitrile (1 ml) in a 25 ml flask, and 4-aminomethylpyridine (0.94 ml, 9.30 
mrnol) was added. The mixture was refluxed for 1.6 hours. The reaction mixture 
was cooled and then acetonitrile was distilled off. The resulting tar was 
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dissolved in water and CH2CI2. The layers were separated; the aqueous layer 
was extracted three times with CH2CI2. The combined organic layers were 
washed with brine, dried (MgS0 4 ), filtered through 'Celite' and concentrated. 
The residue was partially purified by flash chromatography, and the product 
5 (228 mg) was purified by further chromatography to afford the pure product 
(193 mg, 87%); MS (CI, M+H) = 490. 

EXAMPLE 20A: N-IY1 .3-Benzodioxol-5-vnmethvlM-f8>chloro-5.1 1- 

dihvdronibenzothi epino[4.3-b]Dvridin-11-vn-N'-cvano-1-piperazine- 
carboximidamide 



Methyl 4-(8-chloro-5,1 1-dihydro-[1]benzothiepino[4,3-b]pyridin-1 1-yl)-N- 
cyano-1-piperazine-carboximidothioate (184 mg, 0.428 mmol) was combined 
with 1 t 3-benzodioxol-5-ylmethylamine [piperonylamine] (1.07 ml, 8,56 mmol) in 
a 10 ml flask, and the mixture was stirred at 100°C for three hours. The reaction 

1 5 mixture was cooled to room temperature and diluted with water and CH2CI2. 
The layers were shaken together and separated, and the aqueous extract was 
extracted several times with CH2CI2. The combined organic layers were 
washed with brine, dried (MgSO^, filtered through 'Celite' and concentrated. 
The residue (over 2 g) was first filtered through a plug of silica gel and eluted 

20 with 15%acetone/CH2Cl2), and then further chromatographed more carefully 
and eluted with 2%EtOH/CH 2 CI 2 , increasing gradually to 40%EtOH/CH 2 Cl2, to 
afford the pure product, 155 mg (68%); MS (FAB, M+H) = 533.6. 




S, 



10 
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EXAMPLE 20B: N-rf1.3-BenzodiQXQl-5-vhmethvlH^8-chlQrr>-5.1 1- 
dihvdrof 1 ]b enzothiepinor4.3-blDvridin-1 1 -vn-N'-cvano-1 -Dioeridina- 
carboximidamide 




5 This compound could be prepared similarly from methyl 4-(8-chloro-5,1 1- 

dihydro-[1]ben2othiepino[4 f 3-b]pyridin-11-yl)-N-cyano-1-piperidine- 
carboximidothioate and 1 .S-benzodioxol-S-ylmethylamine. 

EXAMPLE 21: 4-(8-Chloro-5.1 1-dihvdrornbenzothiepinor4.3-b]pvridin-11- 
vl)-N-cvano-N'-(3-Dvridinvlmethvn-1-piDerazine-carboximidamide N1-oxide 



10 




Methyl 4-(8-chloro-5,1 1-dihydro-[1]benzothiepino[4,3-b]pyridin-1 1-y!)-N- 
cyano-1-piperazine-carboximidothioate (275 mg, 0.640 mmol) was combined 
with acetonitrile (0.85 ml) and freshly dried 3-aminopyridine 1 -oxide (1.00 g, 
8.06 mmol). The mixture was refluxed for 5 hours and then evaporated to 
1 5 dryness. The residual tar was partitioned between water and CH2CI2. The 
aqueous layer was extracted four further times with CH2CI2. The combined 
organic layers were washed with brine, dried (MgS0 4 ), filtered through 'Celrte' 
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and concentrated. The crude product (348 mg) was purified by flash 
chromatography, and the product (272 mg) was confirmed by 1 H-NMR; 
MS (FAB, M+H) = 506.2. 

EXAMPLE 22: Methyl f4-f8-chloro-fi.1 l-riihy droMlbenynthip pi.^q. 

blPVridin-1 1 -vlidenel-N-ryano-l -pipfiri dinecarboximidothinate 




CN 

4-(8-Chloro-5,11-dihydro[1]benzothiepino[4,3-b]pyridin-11-ylidene)- 
piperidine (500 mg) was dissolved in CH 3 CN (8 ml) and Et 3 N (2 ml) at room 
temperature. (MeS) 2 C=NCN (280 mg) was added and the mixture was heated 
at 90°C for 2.5 hours. The solvent was distilled off and the product was 
chromatographed on silica in CH 2 CI 2 and was eluted with 2%MeOH/CH 2 Cl2 
and then with 5%MeOH/CH 2 CI 2 , to afford 385 mg (59%) of a light tan solid, 
methyl [4-(8-chloro-5,1 1-dihydro[1]benzothiepino[4,3-b]pyridin-1 1-ylidene)-N- 
cyano-1-piperidinecarboximidothioate; MS (FAB, M+H) = 427. 
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15 



EXAMPLE 4-f8-Chloro-5.1 1.dihvdrori] benzothiepinnr4.3.hlp V rj^ig.1 1- 

Vlidene)-N-Cvano-N'-f4-Dvridinvlmethy n.1-Diperidlne-carboximidamiriP 



Methyl [4-(8-chloro-5,1 1 -dihydro[1]benzothiepino[4,3-b]pyridin-1 1- 
ylidene)-N-cyano-1-piperidinecarboximidothioate (250 mg, 0.59 mmol) was 
dissolved in CH 3 CN (2 ml) and 4-aminomethylpyridine (319 mg, 300 
2.95 mmol) was added. The solution was heated at 100°C for 4 hours, and then 
stirred at room temperature overnight. The product was chromatographed on 
silica to afford an orange-yellow solid, 238 mg (83%). A portion was decolorized 
with carbon (in acetone), filtered, and isolated as an off-white solid, 4-(8-chloro- 
5,11 -dihydro[1 ]benzothiepino[4,3-b]pyridin-1 1 -ylidene)-N-cyano-N'-(4-pyridinyl- 
methyl)-1-piperidine-carboximidamide, decomposing above ~150°C; MS (FAB, 
M+H) = 487. 

EXAMPLE 24; 4-(8-Chloro-fi,11.dihvdrof11 benzothieninnf4.3-b1pvridin-11- 

Vlidene)-N-cvano-N'-f3-pvridinvlmethy n-l-piperidinR-carboximidamiri^ Mi- 
oxide 
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Methyl [4-(8-chloro-5 f 1 1-dihydro[1]benzothiepino[4 f 3-b]pyridin-1 1- 
ylidene)-N-cyano-1-piperidinecarboximidothioate (180 mg, 0.42 mmol) was 
dissolved in CH3CN (2 ml) and 3-aminomethylpyridine-1 -oxide (190 mg) was 
added. The solution was heated at 80°C for 48 hours. The reaction mixture was 
5 then cooled to room temperature and evaporated. The product was directly 
chromatographed on silica to afford the product, 84 mg (40%); found: C, 58.23; 
H.4.91; N, 15.63; S t 6.29; calcd. for C26H23CIN 6 OS.2H 2 0: C t 57.93; H, 5.05; 
N, 15.59; S, 6.58; MS (FAB, M+H) = 503. 

EXAMPLE 25: 4-f8-Chloro-5.1 1-dihvdrornbenzothieDinof4.3-blDvridin-1 1- 
10 vlidene)-1-fovridine-4-acetvn-piperidine 




4-(8-Chloro-5 F 11-dihydro[1]benzothiepino[4,3-b]pyridin-11-ylidene)- 
piperidine (215 mg, 0.655 mmol), EDCI (250 mg), HOBT (180 mg), pyridine-4- 
acetic acid (180 mg), MMM (3 ml), and DMF (5 ml) were mixed at room 
1 5 temperature and stirred at room temperature for 24 hours. Water (50 ml) was 
added and the mixture was extracted with EtOAc (5 x 50 ml); the organic extract 
was washed with brine, dried (MgS04), filtered and concentrated; the product 
was chromatographed on silica gel in 5%MeOH/CH 2 Cl2 to afford 276 mg (94%) 
of an amorphous tan solid; MS (CI, M+H) = 448. 
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EXAMPLE 26; 4-(8-Chloro-5.1 1-dihydrof 11ben?nthifi P i nor4 a.^ pyrjrijn.1 1. 

VlideneM -M -msthyl-4-pi peridine-acalvn.piDeridinfl 




4-(8-Chloro-5, 1 1 -dihydro[1 ]benzothiepino[4,3-blpyridin-1 1 -ylidene)- 
piperidine (250 mg, 0.762 mmol), EDCI (290 mg), HOBT (200 mg), 1-methyl-4- 
piperidine-acetic acid (240 mg), NMM (3 ml), and DMF (5 ml) were mixed at 
room temperature and stirred at room temperature for 24 hours. Water (100 ml) 
was added and the mixture was extracted with EtOAc (5 x 75 ml); the aqueous 
emulsion forming after the second wash was washed with CHCI 3 (2 x 200 ml). 
The combined organic extracts were washed with brine, dried (MgS0 4 ), filtered 
and concentrated; the product was chromatographed on silica gel to afford 
320 mg (90%) of an amorphous tan solid; MS (CI, M+H) = 468. 

EXAMPLE 27: 1 ,1-Dimethvlethyl 4-r2-r4-fft-nh | 0 ro-5.1 1-riihvriro-mbenyo. 

thiepinof4,3-blpvridin-11-vn.1- P inRr a7 inyl19-n x oethvn-1-r»in ft ridin e n a rhnyy| f ,t a . 
6.6-dioxide 




4-(8-Chloro-5, 1 1 -dihydro[1 ]benzothiepino[4,3-b]pyridin-1 1 -ylidene)- 
piperidine (680 mg, 1.88 mmol), EDCI (540 mg), HOBT (390 mg), 1-(1,1- 
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dimethylethoxycarbonyl)-4-piperidine-acetic acid (690 mg), NMM (5 ml), and 
DMF (12 ml) were mixed at room temperature and stirred at room temperature 
for 72 hours. The solvents were evaporated off, and the residue was diluted with 
water and NaHCC>3 solution, and the mixture was extracted with CH2CI2. The 
combined organic extracts were washed with brine, dried (MgS0 4 ), filtered and 
concentrated; the product was chromatographed on silica gel to afford a viscous 
oil which contained DMF (by NMR). This residue was azeotroped with toluene 
to afford an amber solid, which was triturated with hexane to afford 880 mg 
(90%) of the desired product; MS (FAB, M+H) = 586. 

EXAMPLE 28; 4-(8-Chloro-5.1 1-dihvdrn-r nbenzothiapinor4.3-h1pvririi n -i y 

vlidene)-1-f4-DiPQridin6.acetvhDiDeridin e.6.6.dioxirift 



1,1-Dimethylethyl 4-[2-[4-(8-chloro-5,11-dihydro-[1]benzothiepino[4,3- 
b]pyridin-1 1 -ylidene)-1 -piperidinyl]2-oxoethyl]-1 -piperidinecarboxylate-6,6- 
dioxide (850 mg, 1.45 mmol) was combined with CH 2 CI 2 (10 ml), and the 
mixture was cooled to 0°C. Trifluoroacetic acid (TFA) (5 ml) was added through 
a syringe, and the reaction mixture was stirred at 0°C for 10 minutes and then at 
room temperature for 50 minutes. The reaction was then quenched with the 
addition of 5% NaOH and the mixture was extracted with CH 2 CI 2 . The organic 
phases were washed with brine, dried (MgS0 4 ), filtered, and concentrated to 
afford the desired product: 591 mg (83%) after 16 hours' drying under vacuum- 
MS (CI, M+H) = 486. 




V 
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EXAMPLE 29; 4-r2-r4-(8-Chloro-5.1 l-dihyrir p-rnbenzothiBp in^ 3. 

blpyridin-H-vlidenel-l-pineridinvn^-ox o ethvll-i- pipp ridinecarfan^mirip-^ ^. 
dioxide 




5 4-(8-Chloro-5,1 1-dihydro-[1]benzothiepino[4,3-b]pyridin-1 1-ylidene)-1-(4- 

piperidine-acetyl)piperidine-6,6-dioxide (300 mg, 0.62 mmol) was combined 
with CH2CI2 (6 ml), and the mixture was cooled to 0°C. TMSNCO (700 jil) was 
added dropwise, and the reaction mixture was stirred at 0°C for 10 minutes and 
then at room temperature for 5 hours. The reaction was then quenched by 
1 0 pouring into water and the mixture was extracted with CH 2 CI 2 . The organic 
phases were washed with NaHC0 3 solution and brine, dried (MgS0 4 ), filtered, 
and concentrated. The residue was chromatographed on silica with 
5%-10%MeOH/CH 2 CI 2 and then with 10%MeOH/CH 2 CI 2 /1%NH 4 OH to afford 
the pure product as a white solid (319 mg, 97%); MS (FAB, M+H) = 529. 

15 EXAMPLE 30; 4-f8-Chloro-5.11-dih\/dro.RS.f timethvl.fl) hfln Tothiepinor43- 

b1pvridin-11-vlidenfi>-1-f4-DvridinQ-acetvl^piper idine-6.6-dinxide N1-nxirip 
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The title compound (110 mg) was prepared by the method of Example 4 
from 4-(8-chloro-5,1 1 -dihydro-5,5-dimethyl-[1]ben2othiepino[4,3-b]pyridin-1 1 - 
ylidene)-piperidine-6,6-dioxide (110 mg, 0.28 mmol) and 4-pyridine-acetic acid 
1 -oxide (85 mg); MS (FAB, M+H) = 524. 

EXAMPLE 31: 4-(8-Chloro-5.1 1-dih V rim-ri1h An70thieninnf4 . 3-b1pvrirtin-1 j. 

Vl)-1-(4-PVridine-acetyl)p iDerazinfi-fi.nYiHo 




HOBT (155 mg, 1.15 mmol), DEC (220 mg, 1.15 mmol) and 4-pyridine- 
acetic acid (158 mg, 1.15 mmol) were added to 1-(8-chloro-5,11-dihydro- 
[1]benzothiepino[4,3-b]pyridin-11-y|)-pjperazine 6-oxide (200 mg, 0.575 mmol) 
in NMM (2.6 ml) and DMF (4 ml). The reaction mixture was stirred at room 
temperature for 24 hours and then quenched with water and EtOAc. The layers 
were shaken and separated, and the aqueous layer was extracted with more 
EtOAc (2 x 20 ml) and then with CH 2 CI 2 (3 x 20 ml). The combined organic 
1 5 phases were washed with brine, dried (Na 2 S0 4 ), decanted and concentrated. 
The crude residue was purified by flash chromatography (10%acetone/CH 2 CI 2 
to 5%MeOH/CH 2 CI 2 to 10%MeOH/CH 2 CI 2 ) and the pure product was obtained 
(231 mg); MS (FAB, M+H) = 476.1. 
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EXAMPLE 32; 4-r2-r4-f8-Chloro-5.11-dih V dm.fnben7nthip pinn^^. 

Plpyridin-1 1 -vlH -piDera7invn-2-oxoethyn . i .Dipfiririinftnarb Q x am iri ft ^ .^Ho 




4-[2-[4-(8-Chloro-5,1 1-dihydro-[1 Jbenzothiepino[4,3-b]pyridin-1 1 -yl)-1 - 
piperazinyl]-2-oxoethyl]-1-piperidinecarboxamicle (200 mg, 0.400 mmol) was 
dissolved in HOAc (2.6 ml) at room temperature. NaB0 3 (88 mg, 0.88 mmol) 
was added, and the mixture was stirred at room temperature for 2.5 days. It was 
then basified to pH 14 with 2.5 M NaOH and extracted five times with CHCI3. 
The combined organic layers were dried (MgS0 4 ), filtered through 'Celite' and 
concentrated. The residue (104 mg) was purified by flash chromatography 
(5%EtOH/CH 2 CI 2 to 10%EtOH/CH 2 CI 2 ), and the product (75 mg) was confirmed 
by 1H-NMR to be the sulfoxide; MS (FAB, M+H) = 516.6. 

EXAMPLE 33: 3-r4-(8-Chloro-5H-dih V Hm-f ilbenznthifi P inf)f4.3-h]pvririin. 

1 1 -vlidenel-Diperidin-1 -yn -3-t4'-flijnrn p henvn-2-nropene-nitrile 




1-(8-Chloro-5,11-dihydro-[1]ben2othiepino[4,3-b]pyridin-11-ylidene)- 
piperidine (200 mg, 0.61 mmol) was heated at 80°C for 5 hours with.3-chloro- 
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S-^'-fluorophenyl^-propene-nitrile (310 mg) and di(2-propyl)amine (150 ul) in 
acetonitrile (5 ml), and then for 48 hours at 65-70°C. The solvent was 
evaporated off, and the residue was chromatographed directly on silica to afford 
the pure product as an off-white solid, 196 mg (68%); no m.p. but the compound 
becomes "wet* or glassy and foams at ~125°C; MS (FAB, M+H) = 474.1. 

EXAMPLE 34; 1 -(8-Chloro-6. 1 1 -dihydrn.fi. methv»-SH-p V rjdor3P-nlf 1 1 h ? D7- 

azeDin-1 1-vn-4-M-pyririinQ.acetvhpipar azine N4-rmrifl 



(8-Chloro-6,1 1 -dihydro-6-methyl-5H-pyrido[3,2-c][1 ]benzazepin-1 1 -yl)- 
piperazine (100 mg, 0.305 mmol), 4-pyridine-acetic acid 1 -oxide (93.3 mg, 
0.61 mmol), EDCI (0.1 1 6 g, 0.61 mmol) and HOBT (82.4 mg, 0.61 mmol) were 
dissolved in DMF (2 ml), and NMM (1 ml) was added. The reaction mixture was 
stirred at 20°C for 18 hours and then diluted with water (50 ml), and the aqueous 
phase was then extracted with EtOAc (about 8 times) until no product was visible 
in the aqueous layer. The EtOAc phase was then washed with aqueous 
Na 2 C0 3 and chromatographed on silica gel to afford the title compound 
(107 mg), m.p. 115-118 0 C. 
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EXAMPLE 35; 4-(8-Chloro-6.1 1.dih V rirn-fi., TH p vl-5H.p U riHn [ 3 o ^ y^. 

azePin-1 1 -vh-1 -f4-pyririi ne-anptvnpipprg7in 0 



(8-Chloro-6, 1 1 -dihydro-6-methyl-5H-pyrido[3,2-c][1 ]benzazepin-1 1 -yl)- 
piperazine (100 mg, 0.305 mmol), 4-pyridine-acetic acid (83.6 mg, 0.61 mmol), 
EDCI (0.116 g, 0.61 mmol) and HOBT (82.4 mg, 0.61 mmol) were dissolved in' 
DMF (2 ml) and stirred for 1 minute, and then NMM (1 ml) was added. The 
reaction mixture was stirred at 20°C for 21 hours and then diluted with water 
(50 ml), and the aqueous phase was then extracted with EtOAc (about 8 times) 
until no product was visible in the aqueous layer. The EtOAc phase was then 
washed with aqueous Na 2 C0 3 and evaporated to a residue (152 mg). This wa 
chromatographed on silica gel to afford partially purified title compound 
(123 mg), which was rechromatographed on silica gel; two fractions, 51.3 and 
50.8 mg, were isolated. The latter gave m.p. 83-87°C. 

EXAIV|PI-53fr Methyl 4-(8-chloro-6.1 1-riihyri ro-6-methyl.f;H. Dv ridof 3 9- 

Clf1 lbenzaZBpin-1 1 .v|).N-ovano-1 -pipfir^ jnecarboximirtn^ jr^to 



CH 3 




N 




N 



SCH3 



CN 
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(8-Chloro-6, 1 1 -dihydro-6-methyl-5H-pyrido[3,2-c][1 ]benzazepin-1 1 -yl)- 
piperazine (180 mg, 0.548 mmol) and (MeS) 2 C=NCN (88 mg, 90%, 0.55 mmol) 
were dissolved in ethanol (3 ml). The reaction mixture was refluxed for 2 hours 
and 45 minutes and then evaporated. The residue was chromatographed on 
silica gel to afford the title compound (111 mg); HRMS: calcd. 427.1472- found 
427.1465. 

EXAMPLE 37: 4-f8-Chloro-6.11-dihvdrn-fi .methvl-5H- p V ridora.P-rir i|t ? p n7 -. 

92epin-11-Vl)'N-CVano-N'-r4-Dvridinvlmeth v I M. P iD e ra 7 inft-carboximiri a r T1 | riP 




Methyl 4-(8-chloro-6,11-dihydro-6-methyl-5H-pyrido[3,2-c][1]benzazepin- 
11-yl)-N-cyano-1-piperazinecarboximidothioate (105 mg) and 4-aminomethyl- 
pyridine (0.45 ml) were heated at 80°C in a sealed vial allowing escape of 
gases. Ice-water was then added, and the resulting tan solid was chromato- 
graphed on silica gel to afford the desired product, 107 mg; HRMS, FAB: calcd. 
487.2125; found 487.2141. 
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EXAMPLE 3B: 1 ,1-Dimethvlflthvl 4-r2-f4-ra-nhlnro^,l l.riihy rirn.ft.mnt hy i. 

^H-PYri(jof3 , 2-ciri lbenza7finin-1 1 -vIM -mnB r azinvng-nyn^hvll-1 .ninpririipo. 
carboxyfate 



5 (8-Chloro-6,1 1-dihydro-6-methyl-5H-pyrido[3,2-c][1]benzazepin-1 1-yl)- 

piperazine (531 mg, 1.14 mmol), 1-(1,1-dimethylethoxycarbonyl)-4-piperidine- 
acetic acid (570 mg, 2.3 mmol), EDCI (439 mg) and HOBT (31 1 mg) were 
dissolved in DMF (8 ml), and NMM (4 ml) was added. The reaction mixture was 
stirred at 20°C for 20 hours and then water (100 ml) was added, and the 

1 0 resulting tan suspension was extracted with EtOAc (2 x 30 ml). The EtOAc 
phase was then washed with Na 2 C0 3 (30 ml), dried over Na 2 S0 4 , filtered, and 
evaporated. The product was chromatographed over silica gel in CH 2 CI 2 , and 
the column was eluted with CH 2 CI 2 and with CH 2 CI 2 /MeOH (95:5). The 
resulting purer material (0.75 g) was rechromatographed over silica gel in 

5 hexane/acetone (85:15) and eluted with increasing amounts of acetone (finally 
30%). The product was rechromatographed on silica gel to afford the title 
compound (0.19 g), m.p. 86-98°C; found: C, 64.64; H.7.39; N, 12.12; calcd. 
forC3oH4oCIN 5 03: C, 65.03; H, 7.28; N, 12.64; HRMS: calcd. 554.2898; 
found 554.2891. 
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EXAMPLE 39; 4-f8-Chloro-6.11-dihvdrn- 6-methvl-SH.p V ridor3.2-n]f l]h ft p y - 

azepin-1 1 -vIM -(4-Diper idine-acetYl) D i D erazine 



1 ,1-Dimethylethyl 4-[2-[4-(8-chloro-6,1 1-dihydro-6-methyl-5H-pyrido[3,2- 
c][1]benzazepin-1 1 -yl)-1 -piperazinyl]2-oxoethyl]-1 -piperidinecarboxylate 
(100 mg) was heated neat in vacuo at 180°C for 10 hours. The product was 
chromatographed on silica gel. Five fractions, 5.4, 28, 16.6, 16.7 and 10 mg, 
were obtained. The fifth fraction was shown to be the desired product, 85% pur« 
byTLC; HRMS: calcd., 454.2374; found 454.2389. 



The compounds of the invention can be tested by standard methods, for 
example by those published in published PCT application WO 95/10514 
published April 20th 1995 (starting at page 61), the disclosure of which is hereby 
incorporated herein by reference. Particularly relevant assays and studies 
include In vitro enzyme assays, Cell-Based Assays, Cell Mat Assays, and In 
Vivo Anti-Tumor Studies. 

Such Assays and Studies indicate that compounds of the Formula I 
above are selective inhibitors of Ras-FPT and can be used as anti-tumor agents. 
The FPT IC 50 values for the compounds of Examples 1-39 were obtained in the 
test for Inhibition of famesyl protein transferase, reported in published PCT 
application WO 95/10514. Percent inhibition was calculated relative to the 
DMSO vehicle control, and an IC50 value was estimated. 

The compounds of Examples 1-39 had an FPT IC50 that was within the 
range of 0.038 and 5u.M. 

The compounds of this invention inhibit abnormal cellular growth. 
Without wishing to be bound by theory, we believe that these compounds may 
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function through the inhibition of G-protein function, such as Ras p21, by 
blocking G-protein isoprenylation, thus making them useful in the treatment of 
proliferative diseases such as tumor growth and cancer. Without wishing to be 
bound by theory, we believe that these compounds inhibit Ras famesyl protein 

5 transferase, and thus show antiproliferative activity against ras transformed cells. 
The cells to be inhibited can be tumor cells expressing an activated ras 
oncogene. For example, the types of cells that may be inhibited include 
pancreatic tumor cells, lung cancer cells, myeloid leukemia tumor cells, thyroid 
follicular tumor cells, myelodysplastic tumor cells, epidermal carcinoma tumor 

0 cells, bladder carcinoma tumor cells, colon tumors cells, breast tumor cells or 
prostate tumor cells. Also, the inhibition of the abnormal growth of cells by the 
treatment with a compound of Formula I may be by inhibiting Ras famesyl 
protein transferase. The inhibition may be of tumor cells wherein the Ras protein 
is activated as a result of oncogenic mutation in genes other than the ras gene. 

5 Inert, pharmaceutical^ acceptable carriers used for preparing 

pharmaceutical compositions from the FPT inhibitors described herein can be 
either solid or liquid. Solid preparations include powders, tablets, dispersible 
granules, capsules, cachets and suppositories. The powders and tablets may 
comprise from about 5 to about 70% active ingredient. Suitable solid carriers 

0 are known in the art, e.g., magnesium carbonate, magnesium stearate, talc, 
sugar, lactose. Tablets, powders, cachets and capsules can be used as solid 
dosage forms suitable for oral administration. 

For preparing suppositories, a low melting wax such as a mixture of fatty 
acid glycerides or cocoa butter is first melted, and the active ingredient is 
dispersed homogeneously therein as by stirring. The molten homogeneous 
mixture is then poured into conveniently sized molds, and allowed to cool and 
thereby solidify. 

Liquid preparations include solutions, suspensions and emulsions. As an 
example may be mentioned water or water-propylene glycol solutions for 
parenteral injection. Liquid preparations may also include solutions for 
intranasal administration. 

Aerosol preparations suitable for inhalation may include solutions and 
solids in powder form, which may be in combination with a pharmaceutical^ 
acceptable earner, such as an inert compressed gas. 

Also included are solid preparations which are intended for conversion, 
shortly before use, to liquid preparations for either oral or parenteral adminis- ' 
tration. Such liquid forms include solutions, suspensions and emulsions. 
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The FPT inhibitors described herein may also be deliverable 
transdermal. The transdermal compositions can take the form of creams, 
lotions, aerosols and/or emulsions and can be included in a transdermal patch 
of the matrix or reservoir type as are conventional in the art for this purpose. 

Preferably the compounds are administered orally. 

Preferably, the pharmaceutical preparation is in unit dosage form. In such 
form, the preparation is subdivided into unit doses containing appropriate 
quantities of the active component, e.g., an effective amount to achieve the 
desired purpose. 

The quantity of active compound in a unit dose of preparation may be 
varied or adjusted from about 0.1 mg to 1000 mg, more preferably from about 
1 mg to 300 mg, according to the particular application. 

The actual dosage employed may be varied depending upon the 
requirements of the patient and the severity of the condition being treated. 
Determination of the proper dosage for a particular situation is within the skill of 
the art. Generally, treatment is initiated with smaller dosages which are less 
than the optimum dose of the compound. Thereafter, the dosage is increased by 
small amounts until the optimum effect under the circumstances is reached. For 
convenience, the total daily dosage may be divided and administered in 
portions during the day if desired. 

The amount and frequency of administration of the FPT inhibitors 
described herein will be regulated according to the judgment of the attending 
clinician considering such factors as age, condition and size of the patient as 
well as severity of the symptoms being treated. A typical recommended dosage 
regimen is oral administration of from 10 mg to 2000 mg/day, preferably 10 to 
1000 mg/day, in two to four divided doses to block tumor growth. The 
compounds are substantially non-toxic when administered within this dosage 
range. 

The attending clinician, in judging whether treatment is effective at the 
dosage administered, will consider the general well-being of the patient as well 
as more definite signs such as relief of disease-related symptoms, inhibition of 
tumor growth, actual shrinkage of the tumor, or inhibition of metastasis. Size of 
the tumor can be measured by standard methods such as radiological studies, 
e.g., CAT or MRI scan, and successive measurements can be used to judge 
whether or not growth of the tumor has been retarded or even reversed. Relief 
of disease-related symptoms such as pain can also be used to help judge 
effectiveness of treatment. Moreover, the quality of life of the patient can also be 
used in this way. For example, a patient's improvement in overall performance, 
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as indicated (for example) by less anorexia (a better appetite), less depression, 
a more positive outlook, and a general improvement in the quality of life and 
daily living, can all be used to help assess the patient's general condition and 
the effectiveness of treatment. 

The following are examples of pharmaceutical dosage forms which 
contain a compound of the invention. The scope of the invention in its 
pharmaceutical composition aspect is not to be limited by the examples 
provided. 

Pharmaceutical Dosage Form Example 



EXAMPLE A: Tablets 



No. 


Ingredients 


mg/tablet 


mg/tablet 


1. 


Active compound 


100 


500 


2.- 


Lactose USP 


122 


113 


3. 


Com Starch, Food Grade, 
as a 10% paste in 
Purified Water 


30 


40 


4. 


Com Starch, Food Grade 


45 


40 


5. 


Magnesium Stearate 


3 


7 


Total 


300 


700 



Method of Manufacture 

Mix Item Nos. 1 and 2 in a suitable mixer for 10-15 minutes. Granulate 
the mixture with Item No. 3. Mill the damp granules through a coarse screen 
(e.g., 1/4°, 0.63 cm) if necessary. Dry the damp granules. Screen the dried 
granules if necessary and mix with Item No. 4 and mix for 10-15 minutes. Add 
Item No. 5 and mix for 1-3 minutes. Compress the mixture to appropriate size 
and weigh on a suitable tablet machine. 
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EXAMPLE B: Hap snloc 



No. 


Ingredient 


mg/capsule 


mg/capsule 


1. 


Active compound 


100 


500 


2. 


Lactose USP 


106 


123 


3. 


Corn Starch, Food Grade 


40 


70 


4. 


Magnesium Stearate NF 


7 


7 


Total 


253 


700 



Method of Manufacture 

Mix Item Nos. 1 , 2 and 3 in a suitable blender for 1 0-1 5 minutes. Add Item 
No. 4 and mix for 1-3 minutes. Fill the mixture into suitable two-piece hard 
5 gelatin capsules on a suitable encapsulating machine. 

All publications and patent applications cited herein are incorporated by 
reference to the same extent as if each individual publication or patent 
application was specifically and individually indicated to be incorporated by 
reference. 

1 0 While a number of embodiments of this invention are described herein, it 

is apparent that the embodiments can be altered to provide other embodiments 
that utilize the compositions and processes of this invention. Therefore, it will be 
appreciated that the scope of this invention includes alternative embodiments 
and variations which are defined in the foregoing Specification; and the 

1 5 invention is not to be limited to the specific embodiments that have been 
presented herein by way of example. 



WO 98/15556 



PCT/US97/17314 



-75 - 

WE CLAIM: 

1 . Compounds of Formula I 




wherein: 

X 1 is hydrogen, halogen, CF 3 , nitro, NH 2 or lower alkyl; 
each X 2 is independently selected from the group consisting of hydrogen, 
halogen, lower alkoxy and lower alkyl; 
n is 1 or 2; 

Y is selected from the group consisting of S(0) pr O t and NR 5 , wherein p is 
0, 1 or 2, and R5 is hydrogen, alkyl, aryl, cycloalkyl, loweralkoxycarbonyl, 
aminocarbonyl or acyl; 

R 1 and R 2 are the same or are different and are selected from the group 
consisting of hydrogen and lower alkyl groups, or R 1 and R 2 taken together can 
form an oxygen atom when Y is NR 5 ; 

the dotted line indicates a single or double bond; 

A is a C atom (when the dotted line indicates a double bond) or CH or an 
N atom (when the dotted line indicates a single bond); 

R is-CZ-Yi-Y 2 -R 3 wherein: 

Z is O, =CH-CN, or =N-CN; 

one of Y 1 and Y 2 is a bond, -CO-, O, S, or -NR*-, and the other is 
(CH2) m , where m is 0 or an integer of 1 to 4, and R 4 is H or alkyl, with the proviso 
that when Z is O and m is 0 then Y 1 or Y 2 is selected from -CO-, O, S f or-NR 4 ; 

R 3 is aryl, heteroaryl or heterocycloalkyl, with the proviso that R 3 can also 
be lower alkyl when Z is =N-CN; 

and their pharmaceutical^ acceptable acid addition salts. 

2. The compound of claim 1 wherein X 2 is chlorine and n is 1 . 

3. The compound of claim 1 wherein X 1 is hydrogen. 
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4. The compound of claim 1 wherein Y is SO2, 0, N-Me, or S. 

5. The compound of claim 1 wherein R 1 and R2 are both H. 

6. The compound of claim 1 wherein both R1 and R2 are methyl and Y is 
S0 2 . 

7. The compound of claim 1 wherein A is C (when the dotted line indicates a 
double bond) or N (when the dotted line indicates a single bond). 

8. The compound of claim 1 wherein Z is O, Y* is CH 2 , Y 2 is a bond or S, 
and R3 is a 3- or 4-pyridinyl group, a 3- or 4-pyridinyl-1 -oxide, a 1-methyl-4- ' 
piperidinyl group, or a 1-CONH 2 -4-piperidinyl group; or wherein Z is =N-CN, Yi 
is NH, Y 2 is CH2, and R3 is a 3- or 4-pyridinyl group, or a 3- or 4-pyridinyl-1- 
oxide. 

9. The compound of claim 1 wherein X1 is hydrogen, X 2 is 8-chloro and n is 
1 , R1 and R 2 are both H, Y is O, S or N-Me, A is C and the dotted line indicates a 
double bond, or A is N and the dotted line indicates a single bond, Z is O, Y* is a 
bond, Y 2 is-CH 2 -, and R3 is 4-pyridinyl, 4-pyridinyl-N-oxide, 4-piperidinyl, 1- 
methylpiperidin-4-yl, or 1-aminocarbonylpiperidin-4-yl. 

1 0. The compound of claim 1 selected from the group consisting of .• 
4-(3-bromo-8-chloro-5,11-dihydro[1]benzoxepino[4,3-b^^^ 
pyridine-acetyl)piperidine N1 -oxide having the formula 




4-(8-chioro-5,1 1 -dihydro[1 ]benzothiepino[4,3-b]pyridin-1 1 -ylidene)-1 -(pyridine- 
4-acetyl)-piperidine having the formula 
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4-(8-chloro-5,11-dihydro[1]benzothiepino[4,3-b]pyridin-11-yl)-N-cyano-N'-(4- 
pyridinylmethyl)-1-piperazine-carboximidamide having the formula 




1 I 



Vci 



*N 



0 

N 



N^N 



CN 



4-(8-Chloro-5,11-dihydro[1]benzothiepino[4,3-b]pyridin-11.ylidene)-N-cyano-N'. 
(4-pyridinylmethyl)-1-piperidine-carboximidamide having the formula 




CN H ^ N 



4-(8-chloro-5,11.dihydro[1]benzothiepino[4,3-b]pyridin-11.ylidene)-N-cyano-N , - 
(3-pyridinylmethyl)-1-piperidine-carboximidamide N1-oxide having the formula 




txxf 



CN 
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4-(8-chloro-5 ,1 lKJihydro[1]benzothiepino[4,3-b]pyridin-1 l-yO-N-cyano-N'^S- 
pyridinylmethyl)-1-piperazine-carboximidamide N1 -oxide having the formula 



4-(8-chloro-6,1 1-dihydro^^ 

cyano-N'-(4-pyridinylmethyl)-1-piperazine-carboximidamide having the formula 

CH 3 



11. A method for inhibiting the abnormal growth of cells in a patient 
comprising administering to said patient an effective amount of a compound of 
claim 1 . 

12. The method of claim 1 1 wherein the cells inhibited are tumor cells 
expressing an activated ras oncogene. 

13. The method of claim 1 1 wherein the cells inhibited are pancreatic tumor 
cells, lung cancer tumor cells, myeloid leukemia tumor cells, thyroid follicular 
tumor cells, myelodysplastic tumor cells, epidermal carcinoma tumor cells, 
bladder carcinoma tumor cells, colon tumor cells, breast tumor cells or prostate 
tumor cells. 

14. The method of claim 1 1 wherein the inhibition of the abnormal growth of 
cells occurs by the inhibition of farnesyl protein transferase. 
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10 



15. A method of inhibiting tumor cells wherein the Ras protein is activated as 
a result of oncogenic mutation in genes other than the ras gene comprising 
administering an effective amount of a compound of claim 1 to a patient in need, 
of such treatment . 

16. A method for inhibiting famesyl protein transferase in a patient in need of 
such treatment comprising administering to said patient an effective amount of a 
compound of claim 1 . 

17. A pharmaceutical composition for inhibiting the abnormal growth of cells 
comprising an effective amount of compound of claim 1 in combination with a 
pharmaceutical^ acceptable carrier. 

18. The use of a compound of claim 1 for the inhibition of the abnormal 
growth of cells. 

1 9. The use of a compound for the manufacture of a medicament for the 
inhibition of the abnormal growth of cells. 

20. A process for the preparation of a compound of the formula 



wherein X1, X* n, R1, R2, and Y are as defined in claim 1 f which comprises the 
step of fusing a compound of the formula 





20 



with a Lewis acid catalyst; and contacting the product with an aqueous medium. 
21 . The process of claim 22 wherein the Lewis acid catalyst is AICI3. 
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